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In January 1967, the Secretary of the Interior announced a five-point O53 


action program for oil shale which represented the Department's 
views at that time on how the abundant energy potential inherent in 
the massive oil-shale deposits of the western United States could be 
developed and utilized most speedily and effectively for the benefit 
of the Nation and its people. The Secretary's proposed program 
provided for these actions: 


1. Clearing title to public oil-shale lands 

2. Blocking up intermingled Federal and private lands by 
exchange. 

3. Issuance of provisional development leases 

4. Cooperative research by Government and industry on 
nuclear explosive fracturing in situ retorting 

5. A broad program of Federal research and investigations 


In May 1967, the Secretary proposed regulations to govern the leas- 
ing of public lands and asked for comments on the proposals. These 
regulations were designed to complement the announced five-point 
program in determining the economic potential of oil shale, en- 
couraging the commercial development of oil-shale reserves, and 
protecting the public interest in such development. 


Public response to the Department's proposals has been mixed, with 
comments being directed mainly to the question of how to proceed 
rather than whether to proceed. Most of the suggestions received 
were directed at the specific leasing terms proposed. Need for 
any program of disposition of the Government-owned shale land at 
this time also has been questioned. 


This summary report attempts to take into consideration comments 
and suggestions made by members of Congress and interested per- 
sons as well as the results of further evaluation of such fundamental 
issues as the potential for oil-shale development in the near future, 
the current status and immediate prospects of technology and costs, 
and the relative merits of alternative courses that might be taken to 
assure the utilization of domestic oil-shale resources in a manner 
consistent with the National interest. 


The Department invites comments and suggestions on this report 
within the next 90 days for consideration in its development of a 
more specific program based upon the findings of this study. 
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Pe otroduction 

It is estimated by the Bureau of Mines that 81 billion barrels of 
liquid fuels will be consumed in the period 1966-1980; more petroleum 
than was produced in the United States during the first 100 years after 
oil was discovered in 1859. To Ret this demand, domestic resources 
can be developed and utilized in one or more alternative manners: by 
the discovery, development and improved recovery of natural liquid 
fuel reserves; by liquefaction of coal; by substitution of other energy 
sources; and by development of oil-shale resources. Asa result, 
the oil-shale resources again have captured the attention and imagi- 
nation of both private industry and Government as one means of 
broadening the resource base to supplement conventional crude petro- 
leum when the need arises. 

For many decades there has been no question that a satisfactory 
liquid fuel can be obtained by heating oil shale. In fact, commercial 
production of shale oil abroad actually preceded the drilling of the 
first oil well in the United States by several decades. Shale-oil in- 
dustries have been established in many foreign countries, and 
there is commercial production of shale oil today in mainland China 
and *the®UtssS. Re 

The oil-shale resources of Colorado, Utah, and Wyoming occur 


in over 1l million acres. The oil in Green River oil shale witha 


content of at least 15 gallons per ton, in both private and Federal 
ownership, may total as muchas 1.8 trillion barrels that could be 
classed as ''known reserves.'' This is more than 60 times the present 
U.S. "proved reserve'' of crude petroleum as estimated by the 
American Petroleum Institute and represents the potential equivalent 
of enough oil to meet U.S. needs for hundreds of years. 

Interest in the use of this extensive potential source of energy 
has fluctuated widely and has been influenced substantially by the 
estimates of proved petroleum reserves at any given time. The 
initial flurry of industrial attention to oil shale came prior to 1920, 
with the first signs of concern that domestic petroleum resources 
might become inadequate. Immediately after World War II an impor- 
tant Federal move toward providing the technological basis for develop- 
ment of an oil-shale industry occurred. The Synthetic Liquid Fuels 
Act made possible a large-scale research and demonstration effort 
by the Department of the Interior's Bureau of Mines. This effort 
was aimed not only at the creation of a new’and more economic 
mining, retorting, and refining technology, but also sought to provide 
reliable information on the costs of shale-oil production. Since that 
time, the Department of the Interior has conducted many studies to 
determine how the western oil-shale resources could be utilized 
effectively and how the lands containing them should be leased in the 


public interest. 


@ 


There are several reasons for the Department's strong and 
continuing interest in oil shale. Of the more than 1] million acres 
of land overlying the western Green River Basin oil-shale deposits, 
approximately 72 percent is Federally owned. This Federal acreage 
contains nearly 80 percent of the known shale-oil resources in the 
Green River Basin. It must be managed efficiently as a public re- 
source. The Department of the Interior also on responsibilities such 
as: bringing within economic reach those natural resources that are 
in superabundance; conserving natural resources; and as suring an 
adequate, dependable, and diversely based supply of energy at the 
lowest cost consistent with other National goals, one of the most 
important of which is the protection of environmental quality. Efforts 
to capitalize on one resource must not lead to short sighted actions 
having unacceptable environmental impacts. 

A Federal shale program must assure wise resource utilization 
and adequate controls to protect the environment as well as resource 
payments that return a fair market value to the public. In addition, 
some research areas ordinarily would be undertaken or financed by 
the Federal Government even in the absence of ownership of the re- 
resource since they include important external public benefits such 
as environmental factors not ordinarily capturable by private 


interests. 


2. Demand and Supply of Energy 


A. Demand 

Total demand for energy in the United States in 1966 was equiva- 
lent to 56 quadrillion British Thermal Units (BTU). During the next 
14 years it is estimated that total energy demand will increase at an 
annual rate of 3.3 percent, reaching 88 quadrillion BTU's in 1980. 
Table 1 shows the demand for each energy source in 1966, and the 
Bureau of Mines estimated demand for 1980, Table 2 gives’ the 
same information for each energy source expressed in terms of 
barrels of oil equivalent. 

Liquid fuels accounted for 43 percent of the total energy de- 
mand in 1966 and are expected to supply a slightly eniee percent- 
age of demand in 1980. Cumulative requirements for liquid fuels 
for the 15 years--1966 to 1980--are expected to total more than 80 
billion barrels. However, no significant liquid fuel deficiencies 
are anticipated during this period. 

B. Supply 

Energy resources recoverable at present prices are classified 
into two broad categories: those currently "known" and those that 
can be inferred from geologic knowledge but have not yet been dis- 
covered. Table 1 shows this information for each fuel and for dis- 


covered and undiscovered resources that were estimated (in 1962) 


- | | ws . &) 


Table 1, - Energy consumption and resources in the United States, 1966-80 
Known Undiscovered 
Consumption Consumption Consumption recoverable recoverable 
1966 1980 1966-80 reserves resources 

Crude oil, billion barrels L/ 4.4 Lf 82/627 Tig 2/20le> 48 200 
Natural gas liquids, billion barrels 3/ 3/ af 7 30 
Natural gas, trillion cubic feet 16 2 300 268 1,200 
Coal, billion tons Nfs 0.7 8.6 220 NA 
Uranium, thousand tons U metal 4/ 9 4/ 14 4/ 148 6/ 142+200 7/ 6/ 770 

billion kwh electricity 4/ 5 4/5/ 657 4/5/ 4,965 
Hydroelectric power, billion kwh 4/ 194 4/ 340 4/ 3,983 

thousand megawatts 8/ 44 9/ 124 
Shale oil, billion barrels 0 0 0 10/ 50 10/ 2,000 
Tar sands, billion barrels 0 0 0 Lees NA 
Thorium, thousand tons Th metal 0 0 0 6/ 100 6/ 800 
OO 
1/ Includes natural gas liquids. 
2/ Includes any liquids fuels from oil shale, 
3/ Included with crude oil, 
4/ Production, 
5/ Based on AEC's 1966 estimate of 90,000 MWe installed by 1980, 
6/ Recoverable at $5-$10 per pound of metal oxide. 
7/ Already mined and imported, most of which still exists as uranium, 
8/ Developed capacity, 
9/ Undeveloped capacity, 
10/ See chapter 3 for additional discussion of reserves. 


Sources: Consumption, Bureau of Mines Program Statement - FY 1969, 


Reserves and Resources, - Ener R & D and National Progress, 
Office of Science and rechoniceys Ali Bulent Cambel - Washington, 1964, 


Table 2, - Energy consumption and resources in the United States, in crude petroleum equivalents, 1966-80 


(Billion barrels) 


Known Undiscovered 
Consumption Consumption Consumption recoverable recoverable 

1966 1980 1966-80 reserves resources 
Crude oil 1/ 4.4 1/2/ 5 6.7 (ALES 48 5/ 200 
Natural gas liquids oy 3/ dl cya! Oo au) 
Natural gas cree) 4.4 53.4 47.7 72 xs 
Coal one i 38.8 993.8 NA 
Uranium 4/ Lot 7 18.1 41.7 94.1 
Hydroelectric power 24 ree) 6.5 
Shale oil 0 0 0 50 2,000 
Tar sands ( 0 0 0 Lc NA 
Thorium 0 0 0 aI | 9,464 
1/ Includes natural gas liquids. 


2/ Includes any liquid fuels from oil shale. 

3/ Included with crude oil. 

-4/ Calculated at 1 percent utilization of the energy in the fuel. 

Combination of estimates by the American Petroleum Institute and that of the Interstate Oil Compact 
Commission (see text) 


to be recoverable at current prices. The fuels that are in surplus 
supply in the ''known'' category are coal and nuclear fuels. All 
fuels, including petroleum, are in adequate supply if "undiscovered" 
resources are included. Undiscovered resources are calculated on 
the basis of the best geological information available and the ex- 
ploration experience of the past. 

Petroleum is the energy resource with which shale oil is ex- 
pected to compete directly. Consequently, a more detailed analysis 
of the reserve situation for petroleum is fundamental to any ap- 
praisal of the potential for oil-shale development. Using the usual 
definition of ''proved reserves" for crude oil, the latest domestic 
recoverable reserve estimate by A. P.I. as of December 31, 1966, 
is 31.5 billion barrels. Because recovery technology can be ex- 
pected to advance, however, and because future drilling will con- 
tinue to find additional oil in known fields for many years to come, 
the reserve figures for any given year reflect only part of the 
amount that eventually will be recovered. On the basis of past 
experience, it is estimated that the ''proved petroleum reserves" 
will ultimately yield nearly twice the 1966 estimate, or another 31 
billion barrels, before they are depleted. 

In addition to ''proved reserves'' the American Petroleum Insti- 


tute (API) estimated that there are an additional 7.4 billion barrels 


that can be recovered by injecting fluids into petroleum reservoirs 
to supplement their natural energy (secondary recovery). The Inter- 
state Oil Compact Commission (IOCC), using a broader definition of 
recoverable reserves, has estimated that the additional oil that 
could be recovered economically by fluid injection is 17.5 billion 
barrels. These resources are a portion of the additional 31 billion 
barrels which are expected to be added to today's proved reserves. 

There are other reserves amounting to as muchas 40 billion 
barrels that are not now economically recoverable but might be- 
come so with improved technology or higher prices. Thus, the 
physical exhaustion of the petroleum resource base is many years 
away. It is the question of exhaustion of petroleum resources ata 
given price, however, that must be considered in connection with 
the timing of shale-oil industry development. Although no precise 
date can be predicted for the economic exhaustion of domestic petro- 
leum resources, domestic crude oil will continue to supply an impor- 
tant portion of the market beyond the end of this century. 

C. Shale Oil as a liquid fuel supplement 

The utilization of shale oil is one of several alternative ways by 


which petroleum reserves can be supplemented. With the vast size 


4y, Known recoverable reserves listed in table 1 combine the API 
and LOCC estimates. As of this date, these reserves total 49 
billion barrels as compared to the 48 billion barrels in 1964, 
(see table 1) 


and relatively high quality of our indigenous oil-shale resources and 
the existence of commercial shale-oil industries in other countries, 
oil shale appears to offer a great potential for meeting future liquid 
fuel demand and thereby makes these deposits commercially attrac- 
tive. By bringing ines commercial utilization a domestic resource 
of ample supply, our dependence on foreign sources could be re- 
duced. But, sate the case with any other resource, oil shale must 
be able to compete economically with petroleum and with alternative 
methods for providing liquid fuel. Thus, the economics of shale-oil 
production will determine whether the resource will be used. 

D. The market for oil in the Free World 

An assessment of the need for development of shale-oil resources 
would be incomplete without mention of the growing demand for petro- 
leum throughout the Free Worldand the heavy dependence on oil im- 
ports. Western Europe and Japan represent a large and growing 
market for petroleum and by 1980 will be importing some 27 
million barrels/day of oil--a quantity 50 percent greater than esti- 
mated U.S. consumption in 1980. These imports will come pri- 
marily from the Middle East, although these nations also are in- 
terested in a diversity of sources, as evidenced by the recent interest 


of the Japanese in the Canadian tar sands. 


American shale oil could constitute an attractive source of 
supplemental supply to the Free World if development showed prom- 
ise of a large supply at declining costs in the future. The impact on 
the security of the Free World and on this Nation's balance of pay- 
ments could be significant. These possibilities are important 
reasons for Federal initiative to encourage a competitive oil-shale 


industry. 
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3. The Oil-Shale Resource and the Federal Interest 
A. Size and ownership 

(1) Introduction 

Large areas of the United States are known to contain oil- 
shale deposits but those areas in the States of Colorado, Utah, and 
Wyoming underlain by sedimentary rocks of the Green River Forma- 
tion are of greatest potential for commercial shale-oil production 
(figure 1). These rocks occur beneath 25,000 square miles (16 mil- 
lion acres) of land, of which about 17,000 square miles (11 million 
acres) are believed to contain oil shale of potential value for com- 
mercial development. The oil-shale deposits that have been ex- 
plored are known to underlie about 8,000 square miles (5 million 
acres). An additional 9,000 square miles (6 million acres) are be- 
lieved to contain oil shale, but these additional lands are essentially 
unappraised. 

The Green River Formation was formed about 50 million 
years ago, primarily as lake-bed deposits in several large basins 
where deposition took place under similar but not identical condi- 
tions, As a result of shifts in the shoreline of the lakes during 
deposition, clays and silt around the basin edges interfinger with 
Organic and chemical sediments deposited in the center of the basin, 


The basin centers are, therefore, the best areas in which to find 


the greatest continuous sequences of organic and chemical sediments. 


ll 


FIG. 1.—OIL-SHALE DEPOSITS IN COLORADO, WYOMING, AND UTAH 
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The conditions of deposition were such that most of the organic 
matter accumulated on the bottom without being oxidized. 

The known Green River Formation deposits include shales 
containing about 590,billion barrels in higher-grade shale (yielding 
more than 25 gallons per ton and at least 10 feet thick), and about 
1,150 billion barrels in lower-grade deposits yielding 15 to 25 
gallons of oil per ton. The unappraised resources may contain 
similar quantities of organic material. 

(2) Ownership--Green River Formation 

A large amount of Federal oil-shale lands are the subject 
of private mining claims. For this study, computations of Federal 
ownership have been made by including as Federal land those areas 
on which there are unpatented mining claims. The estimates at this 
time are shown in appendix A, tables A-l, A-2, and A-3, and in 
figures 2 and 3. 

It is estimated that 72 percent of oil-shale lands containing 
nearly 80 percent of the shale oil is Federally owned. Of the higher 
grade resources, about 81 percent is in Federal ownership. The 
quantity of shale oil equivalent in Federal lands of a high quality 
(more than a 10 foot thickness of shale with an equivalent oil con- 
tent greater than 25 gallons per ton) is estimated at 480 billion 


barrels, but nearly 80 percent is in lands on which mining claims 


have been made and are of record. 


1) 


FIG. 2.-OIL-SHALE LANDS -GREEN RIVER FORMATION 


COLORADO ote eal Non -Federal land 


Federal land with unpatented oil-shale placer claims 


Federal land with recent unpatented metalliferous 
mining claims 

Federal land as to which existence of possible 
encumbrances have not been ascertained 
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FIG. 3.-BARRELS OF SHALE OIL IN PLACE -GREEN RIVER FORMATION 
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(a) Colorado 
Of the three States, Colorado has the smallest area @ 
considered to be of value for oil shale, yet shale in this State is 
believed to have the greatest economic potential because it has the 
richest and thickest known deposits. More is known about these 
oil-shale deposits than those of the other adjacent States. 
Ownership by type of deposit can be a primary factor 
affecting the development of a commercial shale-oil industry using 
present retorting and mining technology. The complexities involved 
are depicted for the Piceance Creek Basin in figure 4, (multicolored map). 4/ 
This figure shows the ownership and title claim situation relative to the 
extent of the oil-shale formation. Isopachous lines delineate shale thick- 
nesses (with a minimum quality of 30 gallons per ton) of 100 feet or & 
less and deposits ranging from 100 to 200 feet thickness which is 
considered to be the maximum that might be used with conventional 
mining technology consistent with satisfactory resource use. Shale 
thickness of up to 2000 ft. occur within the area delineated by the 200 ft. 
Isopach line. Shale thickness in the northern portion of the basin drops 
off sharply to 50 feet whereas over a much greater area in the southern 


section it is 70 or more feet thick. Most of this is privately owned or 
covered by oil shale or other mineral claims as indicated on the map. 
Based upon the best information available, it appears that the amount 

of Federal and private lands having deposits of 30 gallons per ton or 
more and with overburdens ranging from about 200 feet to 1000 feet are: 


1/ Map reprinted in single color, ®& 
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Ownership of Oil-Shale Lands in Colorado 
(Exclusive of 40,000 Acre Naval Reserve) 


Federal Private Total 
(Acres) (Acres) (Acres) 
Shale Thickness Clear Title Mining Claims 
0 to 100 feet 69,000 l/ 315,000 (largely oil 306,200 690,200 
shale) 
100 to 200 feet 20,0002/ 110,000 (mostly 21,700 151,700 
dawsonite) 
Over 200 feet 3,000 145,000 (nearly all 20,600 168,600 
dawsonite) 
O20 00 3/ 570,000 348,500 1,010,500 


1/ It is estimated there are 2 areas in the northern part of the basin 
that would be of sufficient size to support commercial production 
operations. 


2/ It is estimated that there would be one area that would be of suf- 
ficient size to support a commercial production operation. 


3/ Clear title Federal ownership is in scattered, isolated, small 
tracts that would not support commercial production. However, 
some might be suitable for development in conjunction with ad- 
jacent private holdings. 


4/ Of this amount approximately 200,000 acres have oil shale thick- 
ness of 50 feet or less, 

The land held in private ownership is largely at the 
outcrops of the deposits or along some streams and valleys within 
the Colorado Piceance Creek Basin where some of the private owner - 
ship of deeply buried deposits was achieved through homesteading. 
Federal ownership of the outcropping ceposits is very small, prob- 


ably about 1 percent of the total Federal ownership (exclusive of 


Naval reserves). 


ee 
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A cross section showing thickness of the shale and 
overburden in the Piceance Creek Basin is shown in figure 5. 
The oil-shale deposits become increasingly thick and more 
deeply buried toward the center of the basin. At the Basin 


center the overburden varies from 500 to 1, 600 feet in 


depth and shale thicknesses of about 2,000 feet are found. Shale 
quality varies from 10 to 60 gallons per ton, depending on the 
horizon, and averages about 25 gallons per ton. Near the center 
of the Basin, there are some zones 50 to 200 feet thick that yield 
40 gallons per ton. There are estimated to be about 50,000 acres 
that contain shale beds averaging from 35 to 40 gallons per ton in 
thicknesses of 50 feet or more. 

(b) Utah 

Next to Colorado, Utah contains the best of the evalu- 
ated oil-shale deposits and the most extensive deposits of all three 
States. The best of the Utah deposits lie in the east-central part of 
the Uinta Basin. They may be as much as 700 feet thick and their 
depth varies from outcrops at the southern edge to several thousand 


feet below the surface near the Basin's center. The percentage of 


Federal ownership of shale lands in Utah is slightly less than in Colorado. 


(c) Wyoming 


So far as is known, the oil-shale deposits in Wyoming 


are not as rich as those in Colorado or Utah. Much of the oil-shale 
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FIG. 5.- CROSS SECTION NEAR CENTER OF PICEANCE CREEK BASIN 
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lands of Wyoming is in non-Federal ownership, and most of the 
remainder is covered by old oil-shale placer claims and new metal- 
liferous mining claims. 

As presently known, there are two areas of better- 
grade shale within the Green River Basin. More of the better- 
grade shale in the northern area is Federally owned, although part 
of it is within grant boundaries, and is estimated to contain 30 billion 
barrels of oil equivalent (10 feet or more thick and 25 or more gallons 
per ton). 

(3) Intermingled Land Ownership 

For many areas leasing or "blocking up'' of small inter- 
mingled tracts must await title clarification. Ownership patterns 
can be important with respect to efficient land use and management, 
otherwise shale resource recovery could be reduced, blocks of 
uneconomic size might remain undeveloped, and concurrent surface- 
use problems could not be resolved. The value of Federal lands 
could be enhanced by more favorable ownership patterns. The 
present ownership pattern could create problems in extraction, 
disposal of spent shale, pollution control and land rehabilitation. 

All these create additional costs and thus could be factors in delaying 
an oil-shale industry. 

Some major obstacles to ownership consolidation are: 


(1) incomplete geologic information needed to establish land and 
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mineral resource values for the parcels to be leased or exchanged; 
(2) incomplete information on mining technology required to estab- 
lish economic units for various mining methods; (3) separate owner - 
ship of surface and mineral rights; (4) inability to determine equal 
values for land containing varying qualities of shale, varying geo- 
logic conditions, and varying concentrations of associated minerals; 
and (5) absence of long-range regional management plans to serve 
as a basis for a land-use adjustment program. 

Ownership consolidation situations requiring either leasing 
or land exchange of small tracts may exist among private owners, 
State lands, and Federal lands. The potential number of proposals 
for Federal lands expected within the next 5 to 10 years probably 
would not exceed 50. After establishment of an industry, from 100 
to 200 proposals might be expected. 

Utilization of the oil-shale resources on small tracts of 
Federally owned lands could be accomplished either by leasing or 
by exchanges which would "block up'' ownership into economic units. 

(a) Leasing -- Competitive leasing should be used 
where possible but it may be impractical to use competitive bidding 
for small tracts of Federal land intermingled with private lands 


where such lands would be of value only to the adjacent land owner. 
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Until there is sufficient commercial production from formations 
of a similar nature, a fair market value would be difficult to 
estimate. However, provision for such leasing, at an appropriate 
time when values can be estimated with a reasonable degree of 
accuracy, should be included in the Federal leasing policy. 

(b) Exchanges -- Ownership consolidation may be 
more appropriate where intermingled Federal lands could be 
exchanged for privately owned lands of equal or greater value. 
This would have the advantage of avoiding the problems of estimating 
explicit oil shale fair market values and of lack of competition as 
the exchange would be on the basis of comparable resource con- 
siderations. Such action could eliminate possible barriers to the 
effective development of these privately owned resource blocks. 
Similarly, it could consolidate Federal ownership into suitable 
economic units either by elimination of small internal tracts of 
private holdings or by extending the overall size of Federal holdings. 

B. Status of geologic information 

Approximately 650 drill holes have penetrated into or 

through the oil-shale bearing rocks of the Green River Formation. These 


have been drilled mostly by private individuals or companies. About 
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250 of these are core holes drilled to test for oil shale. Most have 
been drilled in attempts to validate oil-shale claims or appraise oil 
shale in privately owned deposits. Also, about 250 oil and gas test 
wells have penetrated the Green River Formation. The rock cuttings 
from such wells have yielded general knowledge of the character and 
quality of the oil shale, but the data so obtained are insufficient for 
accurate appraisal of the shale. About 150 holes have been drilled 
to test sodium minerals such as trona and nahcolite in the oil shale. 
Generally, the cores so obtained are limited to the sodium mineral- 
bearing beds and are incomplete as tests of oil shale. Of the total 
past drilling in the Green River Formation, only about 50 core 
holes can be considered adequate tests of the complete oil-shale 
sequence in the areas of the better oil shale. 

The best information is available for the oil-shale deposits in 
Colorado, followed in order by Utah and Wyoming. 

Reconnaissance mapping of about 1.8 million acres in Colorado 
and 1.5 million acres in Utah has been completed. In addition, 
detailed geologic mapping of the oil-shale-bearing rocks of the 
Green River Formation has been completed on modern topographic 
quadrangle maps for about 10 percent or 1, 700 square miles of the 
total 17,000 square miles of oil-shale-bearing areas. The re- 


mainder of the area should be investigated and mapped in detail to 
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determine the extent, thickness, and depth of the oil shale. Most of the 
detailed mapping has been conducted in the outcrop areas of the oil shale. 
The thicker and richer deposits, which occur in the central areas 

of the oil-shale basins, are largely unmapped. Geologic mapping 

of the central basin areas should be coordinated with core drilling 

and sample analyses to complete the delineation of the better de- 

posits. 

The bedded sodium minerals in the oil-shale sequence have 
been vigorously explored and developed by the private sector in the 
Green River Basin, Wyoming, where more than 100 core holes 
have been drilled to test the trona beds in the shallower parts of 
the basin. About 20 core holes have been drilled where nahcolite, 
salt, and dawsonite occur in the Piceance Basin, Colorado, anda 
few holes have revealed sodium minerals in the oil shale of the Uinta 
Basin, Utah, 

C. Need for geologic investigations 

Adequate geologic information is essential to the inventory, 
evaluation, and use of Federally owned resources in accordance 
with sound business principles and natural resource management. 
Without such information the quality and other physical features of 
the oil shale and associated minerals cannot be known sufficiently 


to supplement resources development plans or to estimate accurately 
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a fair market value. These gaps in information include not only the 
total amount of the shale oil and minerals but also the quality of the 
reserves and the geologic setting in which they are found. These 
factors have a major economic impact on the cost of extraction and 
subsequent processing. 

Geologic information is of value not only to the Government but 
also to potential bidders. The more certain the geologic informa- 
tion, the fewer risks there are to the bidder and the less he needs 
to discount his bid to reduce risk. 

If "blocking up'' of ownership is necessary, geologic informa- 
tion is essential to assure equitable exchange of shale lands between 
public and private owners. Unless the lands to be exchanged are 
contiguous, the valuation probably will require core drilling, 
sampling, and analysis of the shale and associated minerals. 

Available information concerning associated minerals is limited, 
particularly on the Federally owned lands of the Piceance Creek 
Basin. More detailed information is required to provide a basis 
for estimating as to whether these minerals can be mined and 
processed economically from horizons of essentially oil-shale-free 
sodium deposits or as to the quality of the deposits where the min- 


erals are commingled with the oil shale. 
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Detailed geologic data also are required to assure profession- 
ally eye conservation and environmental controls and to establish 
approved mining plans. Improved hydrologic information on ground 
water and aquifers is needed for formulating underground mining 
plans in areas where water may present difficulties. That informa- 
tion also will be used to define potential water pollution and water 
supply problems and indicate methods by which they can be avoided. 

In areas where nuclear in situ experiments are expected to be 
conducted, hydrologic information will be needed to establish the 
magnitude of problems that may arise from underground water 
flowing into a nuclear chimney during retorting, as well as poten- 
tial environmental problems associated with radioactivity contami- 


nation of ground waters from the use of the nuclear device. 


D. Associated minerals in oil shale 

In addition to potential oil resource, these lands also contain 
other minerals which may be of value. Such minerals may occur 
as a part of the primary oil-shale complex, be primarily other min- 

i 

erals but with some kerogen ~— content, or be separate deposits out- 
side ie shale formation. The principal associated sodium minerals 
having the most significant potential values for consideration include 
trona (a sodium bicarbonate/ sodium carbonate complex), nahcolite 


(sodium bicarbonate), dawsonite (sodium aluminum dihydroxy 


carbonate), halite (sodium chloride), and shortite (sodium 


V/ A bituminous material occurring in oil shale which yields oil 
when heated. 
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calcium carbonate), Considerably more resource and processing 
technology information is needed before their extent and potential 
economic value can be estimated. Other minerals associated with, 
or that are above or below, the oil shale are asphaltic hydrocarbons, 
tar sands, petroleum, and natural gas. The known distribution 

of the trona and nahcolite associated with oil shale in the three- 
State area is portrayed in figure 1. Dawsonite and an aluminum 
hydroxide mineral occurring as matrix of the oil shale are not 
shown in this figure because information on the deposits of these 


minerals is very limited. 


Preliminary estimates for 150,000 acres in part of the central 
portion of the Piceance Creek Basin in Colorado show 30 billion tons 
of nahcolite in place, containing the equivalent of 19 billion tons of 
soda ash. For dawsonite in the same area, the preliminary esti- 
mate is 27 billion tons containing 9.5 billion tons of alumina 
(A103). Other minerals in the oil-shale beds include extensive 
bedded deposits of trona and halite (sodium chloride). In the 
Green River Basin, Wyoming, 24 trona beds have been identified; 
they are estimated to contain 67 billion tons of trona. An addi- 
tional 36 billion tons of mixed trona and halite are estimated to be 
contained in 14 other beds in the same Wyoming area. The trona 


is mined and converted locally to soda ash. 
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E. Title clearance issues (4 

(1) Background 

Under the 1872 mining eee any citizen of the United States 
(and any noncitizen who has declared his intention to become a citizen) 
who makes a discovery of a valuable mineral deposit on the public 
lands of the United States may work that deposit for his own benefit. 
One who validly locates a claim (a "locator"') is entitled to exclusive 
occupancy of the claim if he annually performs assessment work in 
the amount of $100; and may remove and sell the minerals produced 
from the claim without accounting to the United States for any of the 
proceeds of the sales. He is not required to seek a patent to the 
claim (a conveyance of the United States' rights in the rence but 
may obtain a patent if he has performed $500 worth of work on each 
claim, paid for its survey (except for placer mining claims located 
by legal subdivision), paid $2.50 per acre (for a placer claim), and 
can demonstrate that he has complied with the law. 

There is no limit to the number of claims that any one per- 
son may locate. 

(2) Pre-1920 oil-shale mining claims 

During the period from 1915 to 1920 the demand for petro- 
leum in the United States increased and the rate of discovery of new 
oil fields declined. Fear of crude oil shortage developed and this, 
1/ Act of May 10, 1872, as amended, 30 U.S.C., Sec. 22 et. seq. (1964) 
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together with oil-shale studies published by the U.S. Geological Sur- 
vey, stimulated interest in oil shale. As a result, more than 36,000 
placer mining claim locations were filed for oil shale in this period. 

The Mineral Leasing Act of 1920 we superseded the 1872 mining law 
as to deposits of coal, phosphate, sodium, oil shale and certain 
other minerals by providing that they would thereafter be subject to 
disposition only by lease and would no longer be locatable under the 
1872 law. The 1920 Act did not extinguish all unpatented mining 
claims on lands known to be valuable for such minerals, and in 
existence on the date of the Act, but rather preserved any such 
claims as were valid and were thereafter maintained in compliance 
with the law under which they had been initiated. 

The Department in the late 1920's and early 1930's insti- 
tuted proceedings to cancel a large number of mining claims for 
failure to perform annual assessment work. Many claims were 
cancelled, and most of their owners neglected to appeal to the Secre- 
tary, or if they did, they neglected to appeal from his decision to 
the courts. 

In 1935 the Supreme Court held that the Department could 
not cancel claims for failure to perform assessment tee 


1/ Act of February 25, 1920, as amended, 30 U.S.C. 181 et. seq. (1964) 


2/ Ickes v. Virginia-Colorado Development Co., 295 U.S. 639 
(1935) 
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In the late 1950's and early 1960's applications were made 
for patents to claims cancelled in decisions rendered 4 the earlier 
contests which were not thereafter appealed for failure to do assess- 
ment work. The Department refused to consider the applications 
and, while it acknowledged that the earlier decisions may have been 
based upon an erroneous legal theory, held that after 30-odd years 
the applications would be denied on grounds of finality of adminis- 
trative action, estoppel by adjudication, and res anthers The 
applicants sought relief in the courts to compel the Secretary to 
consider their applications and, in some cases, to compel him to - 
issue patents. The United States District Court in Colorado has 
rendered judgment that the Department may not rely on the old 
cancellations in disposing of the pending applications. That 
judgment has been appealed by the Government, and is now pending 
in the United States Circuit Court of Appeals for the 10th Circuit. 

In 1964 the Bureau of Land Management instituted pro- 
ceedings in test cases against certain pre-1920 oil-shale claims. 
These cases are the first of a series of test cases which will be 
filed by the Department for the purpose of establishing a compre- 
hensive set of legal principles for aa a whether pre-1920 oil- 


shale claims are valid or invalid. -The trial of the first of these 


KL ese 


1/ Union Oil Company of California, et al., 711.D. 169 (1964) 
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cases before a hearing examiner of the Bureau of Land Management 
has been concluded. When final briefs are filed, the cases will be 
ready for decision. A central issue in the pending cases is whether 
the claimants have established that oil shale can be the basis of a 


"discovery," i 


e., whether a person of ordinary prudence would 
have been justified in the further expenditure of labor and means 
with a reasonable prospect of success in developing a valuable oil- 
shale mine. The Government's position in the contest proceedings 
is that the state of technology and economics was (and is) such that 
in 1920 (and subsequent thereto) the requirements of the prudent 
man rule were not met by the claimants. If the outcome of that 
case is favorable to the United States, there will be little, if any, 
basis for the assertion that any pre-1920 oil-shale claims are (or 
ever were) valid. 

It must be assumed that if the decision is adverse to the 
claimants, an appeal will be taken. Even with reasonably prompt 
consideration by the courts, all issues may not be finally resolved 
for several years. If the legal principles laid down in these cases 
and other test cases establish the validity of the pre-1920 claims, 
the claimants will be entitled to receive patents from the United 
States conveying the entire interest of the United States in the 


affected lands and not merely the title to the oil-shale deposits. 
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(3) Post-1920 claims 

As noted above, the 1920 Mineral Leasing Act constituted a 
withdrawal of oil-shale lands and deposits from location under the 
mining law. Another effect of. that Act was that it withdrew (or 
segregated) the lands known to be valuable for oil shale from entry 
and location under the mining law. By Executive Order No, 
5327 of April 15, 1930, the lands containing oil shale were with- 


drawn from leasing or other disposition. 


In 1954 the passage of the Multiple Mineral Development 
Act Ly permitted the location of mining claims for separate deposin 
of locatable minerals in lands known to be valuable for leasable min- 
erals. Since the Mineral Leasing Act had provided that any such 
lands were not open to mining location and the 1930 withdrawal had 
been made under authority of the Pickett Act, as amended, Zi (which 
did not authorize withdrawal of lands from location for metalliferous 
minerals), the effect of the 1954 Act was to remove the 1920 Act as 
a bar to the location of separate deposits of metalliferous minerals 
in oil shale lands. 

In March of 1966, apparently as the result of a local news 
article indicating the presence of aluminum in dawsonite, a sodium 


aluminum carbonate, in the Piceance Creek Basin oil-shale deposits 


in Colorado, a claims rush began. Location certificates purporting 


1/ Act of August 13, 1954, 30 U.S.C. $8 521-531 (1964) 
2/ Act of June 25, 1910, as amended, 43 U.S.C. §8 141-142 (1964) 
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to record discoveries of deposits of locatable minerals in oil-shale 
lands in Colorado, Utah and Wyoming were filed in local county recorders' 
offices for over three million acres of land. In January 1967 the lands 
were closed to all mining location. 

Without ascertaining the facts as to each of the recent claims, 
it is not possible to determine whether they meet the requirements of 
the mining laws. Among these requirements are compliance with state 
location and recordation procedures; exposure of a locatable mineral 
within the boundaries of the claim; and the existence of facts sufficient 
to meet the prudent man test. 

To the extent that claimants assert that the locatable min- 
eral deposit is of dawsonite, no rights are acquired by the mining 
locations since dawsonite is a carbonate of sodium and therefore is a 
leasable rather than a locatable mineral. Ly Moreover, it appears that 
dawsonite may occur only as a finely interspersed constituent of the rock 
known as oil shale. & If any of the claims were determined to be valid, 


the claimants would be entitled to patents conveying the right to 


ay Wolf Joint Venture et al., A-30978, 751.D. (May 2, 1968). 


2/ This question is directly presented by the application for sodium 
preference right leases which are the subject of the decision cited 
in footnote 1. That decision directed that hearings be afforded to 
the applicants who claim to have discovered valuable sodium deposits 
(dawsonite and nahcolite) in the oil-shale lands of the Piceance Creek 
Basin during the life of their sodium prospecting permits. Among 
the issues to be considered are whether the dawsonite and nahcolite 
minerals are themselves constituents of oil shale, whether the 
dawsonite can be removed without removal of the kerogen-bearing 
rock, and whether in the circumstances the sodium rather than the 
oil-shale leasing provisions of the Mineral Leasing Act can be 
considered to be applicable. Also at issue are questions going to 
the economic feasibility of mining the alleged sodium deposits. 
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all mineral deposits, except leasable mineral deposits expressly 
reserved to the United States and the use of the surface as set forth 
in the Multiple Mineral Development Act. 

The presence of the large number of post-1920 claims raises 
the question whether the lands can be managed properly without 
adjudication regarding the validity of all the claims. The likelihood 
of validation of such claims is remote but it is essential to seek an 
early determination of validity so that clear title can be established. 
In 1967 the Department initiated its first contest involving four mining 
claims believed to be located for dawsonite. A decision on the merits 
was not reached, however, for the parties involved relinquished all 
right, title, and interest in the claims to the United States on April 26, 
1968. The Department is now preparing to contest a second group of 
claims believed to have been located for dawsonite. : 

(4) Number of claims 

Based on a detailed analysis in Colorado, old records and 
preliminary review in Utah and Wyoming, the estimated number of 
claims in the two major categories (pre- and post-1920) are: 


Number of claims 


Colorado Utah Wyoming Total 
A. Pre-1920 oil shale 9,000 15,,.000 12,000 36,000 
B...°Post=1920 
Dawsonite 3,450 eran -- 5,200 
Platinum 221150 -- -- Zetl 20 
Gold, gilsonite, 
uranium, other 600 2550 5,000 9,150 
TOTAL 15,200 20, 300 17,000 SUG 
C. Shale oil, billions 
forsake! 820 150 120 1,090 


1/ See Appendix A, Table A-3 
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F. Federal interests 

(1) Introduction 

A Federal energy goal is to assure an adequate supply of 
energy for present and future needs at reasonable costs in a manner 
consistent with other national goals. 

In addition to oil shale, the United States has substantial 
and diversified energy resources. However, as reserves diminish, 
there may be supply or cost problems, especially for petroleum and 
natural gas. Oil-shale resources on public and privately owned lands 
can be a source of liquid petroleum, at domestic crude oil price, if it 
is economically competitive with other alternatives, such as improved 
secondary recovery from existing oil wells, or conversion of coal to 


liquid fuels. 


(2) Resource management 


In addition to the Department of the Interior's energy pro- 
grams to identify future problems in supply and demand, to facilitate 
selection among alternative solutions to these problems, and to as- 
Sure a dependable supply of energy at appropriate social and eco- 
nomic costs, the Department, as manager of the Federally owned 
oil-shale resources, has the direct responsibility to manage all 


natural resources on Federal lands so that they contribute as 


he 


effectively as possible to the satisfaction of public needs for energy 
and other resource benefits. 

(3) Technology and development 

Oil-shale processing technology in the United States is 
currently limited almost exclusively to experimental surface retorting 
and to conventional room-and-pillar mining methods. A commercial- 
scale retorting plant has not been built in the United States. Actual 
economic feasibility can only be tested by the construction and opera- 
tion of a commercial-scale plant. 

Since most of the deposits for which the tested mining 
technology is well suited (at reasonable recovery of the resource 
and at lowest mining costs) are in private ownership, development 
of this resource could be undertaken by the private sector without 
use of Federal land if other significant factors (Continental Shelf 
leasing, import restrictions, tax provisions, etc.), remain generally 
as they are. The study indicates that no serious barriers exist for 


private development other than investing in a high technologic risk 


venture. 


(4) Federal initiative 

There has been, and will continue to be, a need for Fed- 
eral initiative and participation in the development of oil-shale 
mining and processing technology fis assure that the potential of 


this resource is realized, particularly in view of the latent values 
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of the massive Federal holdings. Federal efforts, of course, must 
be coordinated fully with those of industry to assure that each prop- 
erly fulfills its respective responsibilities. 

The public lands contain nearly 80 percent of the oil-shale 
resource, most of which is in deep, thick deposits. The thick deposits 
are not suitable for room-and-pillar mining unless relatively few hori- 


zons in the deep thick seams of oil shale are mined. Such mining could 


leave most of the oil shale unrecovered. If an attempt is made to 
increase recovery Significantly from these thick deposits (up to 
2000 feet of shale) mining costs would be increased appreciably. 
The Federal Government, as landowner, has a major responsibility 
for ensuring the economic development of this type of deposit con- 
sistent with sound multiple-use, natural-resource policies. In 
addition, the Federal initiative should include an active program to 
make Federal lands available on a competitive basis as they are 
needed. 

The potential large-scale resource utilization combined 
with the development of a large industrial complex also offers ex- 
cellent opportunity for the Federal Government to work coopera- 
tively with States, local governments, and private industry in de- 


velopment of the resource potential in the best public interest. 
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This may require varying degrees of Federal initiative such as 
direct Federal research, joint research ventures with industry, 
participation in or partial support of private research, and other in- 


dustry encouragement, as appropriate, to obtain the desired resource 


development. 


(5) Future technology 


Since commercial oil production from oil shale will be by 
private industry, major improvements in technology beyond those 
needed for initial deve opment should be accomplished by the pri- 
vate sector. Nevertheless, where major new technology must be 


developed, it may be necessary for the Government to assume an 


active role. 


(6) Title clearance 

Since a factor relevant to development of the paniicie 
owned resource is clarification of title to the oil shale lands, this 
should be accomplished as rapidly as possible to protect both Federal 
and private interests. So long as uncertainty remains, private invest- 
ment is improbable and leasing of Federal lands or "blocking up"! 
of land ownership to form economic production units is not possible. 
Rights to ingress or egress, development of necessary community and 
support facilities, management of other surface and subsurface resources, 
and similar necessary actions may continue to present major problems 


where land titles remain uncertain. 
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(7) Geologic investigation 

Adequate geologic knowledge of Federal lands is essential 
for development and utilization of the oil-shale resource. Both 
the quantity and quality of this resource and the minerals associated 
with it can be determined with considerable accuracy. For Federal 
lands the funding of this investigation is a Federal responsibility. 

(8) Associated minerals potential 

Federal lands also may have potentially significant values for. 
other minerals. Particular attention should be directed to exploring 
the potential for economic recovery of those minerals that are an 
integral part of oil-shale formations as such recovery could have | 
an impact on the economics associated with resource utilization. 
. Within known existing technology, these associated minerals do not 
appear to have economic value. 

(9) Summary 

The Federal Government must manage its lands nan related 
resources in the public interest and play a major role in geologic 
investigations and in development of applicable technology. It 
must manage the oil-shale resource so as to ensure the best resource 
use consistent with National energy goals, and in harmony with all 
related resource and environmental factors, assure a fair market 
value return to the Government, avoid financial 'windfalls,'' maintain 
appropriate competitive climate for industry's use of the resources, 


and avoid waste. 
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4, Technology and Economics of Oil Shale Production 
A. Status of oil-shale technology 


(1) Oil-shale processing systems 


The primary factor inhibiting commercial development of 
the oil-shale is the cost of production relative to costs of alterna- 
tive sources for meeting liquid petroleum needs. Technology has 
been developed for surface retorting that may be economic for com- 
mercial production. However, such technology has not been proved 
by actual operation of a commercial-scale plant in the United States. 
Conventional mining methods have been tested and are well suited 
for mining relatively thin shale seams. There are sufficient de- 
posits of this nature now in private ownership to support commer - 
cial production if economically feasible technology is available or 
can be developed. This section describes existing and potential 
mining and retorting systems that may be developed and applied to 
the various types of shale formations with sufficient oil content to 
support commercial utilization. 

The best available engineering information was used in 
estimating the costs of mining, retorting and semirefining. In 
some instances, however, data were incomplete and conservative 
judgments were made with respect ee the values to be assigned to 


certain process variables under full scale operations. 
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Even where technology is well established,cost estimates 
have an inherent range of error due to numerous judgments which 
must be included in the estimates. A reasonable margin of error 
for these estimates is plus or minus 10 percent. Variations from the 
assumed extrapolation of the engineering data, if not mutually com- 
pensating, could increase the range of error. 

(a) Surface processing 

The removal of shale, its processing, the treatment 
of useful products, and disposal of wastes are distinct functions 
in an integrated oil-shale plant. Figure 6 is a flow sheet ofa 
plant showing useful products that might be obtained from oil shale. 
The refinery, which extracts the salable products from crude shale 
oil, must be geared to the retorting process because different re- 
torting methods produce different qualities of shale oil. Also, 
the degree or method of preparation of the shale by crushing in- 
fluences retorting methods and, in turn, could affect applicable 
mining methods. 

As indicated in figure 6, the basic steps in obtaining 
useful products from oil shale are mining, crushing, retorting, 
and refining. Other factors must be considered, however, in an 
overall system. Huge quantities of spent shale will be produced, 


in the form of either solid lumps or a fine powder, depending on 
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FIG. 6.- OIL-SHALE SURFACE PROCESSING SYSTEM 
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the retorting method. Also, if the shale is processed to recover 
minerals, it may be wet or dry. Asa result, methods for dis- 
posing of waste material will vary. If the material is to be re- 
turned to the mine, mine-development plans will have to provide 
for such return, In addition, each of the retorting systems pro- 
duces different quantities and qualities of water and gases. 

(b) In situ processing 

Mining, crushing, and conveying shale to a retort 
and disposing of spent shale constitute a substantial part of pro- 
duction costs. Consequently, interest has developed in under- 
ground, or in situ, retort? as a means of eliminating that ma- 
terial handling and its costs. In addition to possible cost reduc- 
tions, in situ processing would offer other advantages over sur- 
face retorting. It might be more adaptable for exploiting beds too 
thick, too badly faulted, or too deep to be readily amenable to con- 
ventional mining methods. It could eliminate the inherent prob- 
lems in storing spent shale for subsequent disposal thus making 
workable a larger part of an oil-shale lease. Controls to prevent 
air pollution, which would be required with aboveground proces- 
Sing, could be eliminated or reduced. Additionally, the problem 
of possible contamination of surface or subsurface waters by sur- 


face disposal of spent shale wastes would be minimized. 


43 


As now envisioned, however, in situ processing would 
have at least one important disadvantage. It is not adaptable to con- 
current recovery of associated minerals unless some type of in situ 
leaching technology is developed. They could be recovered, however, 
by later conventional mining. 

Methods are yet to be developed for creating perme- 
ability in shale deposits so as to allow injection of retorting fluids 
and recovery of shale oil by in situ processing. Approaches now 
being tested include hydraulic pressure, high voltage electricity 
and liquid chemical explosives. : If the major problem of attaining 
adequate permeability during the retorting process can be overcome, 
other problems will remain: (1) combustion may be difficult to con- 
trol, which could result in a low percentage recovery of the shale oil 
and (2) pressures at which air or oxygen must be supplied to support 
combustion are unknown. 

Nonnuclear in situ technology may be applicable to 
both thick, deep seams and to thinner oil-shale deposits under shallow 
cover to the extent that flow of retorting gases to the recovery wells 
can be controlled. 

The use of a nuclear explosion to fracture large quan- 
tities of shale for subsequent processing in place is another concept 


that is being considered. This technique, applicable primarily 
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to relatively thick deposits under substantial overburden, might 
permit the fracturing of several million tons of shale at one 
time. Such deposits occur over a large area of the Piceance Creek 
Basin in lands that are Federally owned. A conceptual arrange - 
ment for a commercial-scale, in situ operation using a nuclear 
explosive is shown in figure 7. 

(c) State of knowledge 

The relative states of knowledge of the various opera- 
tions required in oil-shale processing by either conventional or 
in situ techniques are compared in figure 8. The technology, of 
course, is more highly developed for conventional surface proces- 
Sing. Experience with some of the steps of in situ processing has 
been gained through petroleum operations, but these have not been 
demonstrated to be applicable to oil shale. 

(2) Technology selected for cost estimates 

(a) Surface retorting 

Three retorting systems have been developed to the 
point of possible commercial application. Data in sufficient detail 
were not available to the Department of the Interior to evaluate the 
costs of the two non-Government processes (Oil Shale Corporation 
and Union Oil) in the same manner as for the gas-combustion re- 
tort. In terms of mechanical complexity, however, the gas 


combustion process, developed by the Bureau of Mines, is the 
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FIG. 7. -CONCEPT OF A COMMERCIAL-SCALE NUCLEAR 6 
IN SITU RETORTING PLANT 
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FIG. 8.- OIL-SHALE UTILIZATION—ROUTES AND STATE OF KNOWLEDGE 
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simplest, followed in order of increasing complexity by the Union 
and TOSCO processes. The oil yield from the gas combustion retort 


1 
approaches a maximum of about 95 percent of Fischer assay. ee 


The economics of shale-oil production are sensitive to shale erie 
The three retorting systems studied most extensively can process 
shale up to a grade of 35 gallons per ton. However, this limit has 
not as yet been accurately established or, in the case of the Union 
retort, reported. The TOSCO process apparently has no upper 
limitation as to the grade of shale that can be used and yields up 
to approximately 105 percent of assay have been reported. Since 
accurate comparison of the economics of the three retorting proc- 
esses cannot be made, the gas-combustion retort has been used as 
the basis for estimating the cost of shale-oil a aicuen by extrapo- 
lating data developed in pilot-plant experiments with the Bureau of 
Mines retort. 

((1)) First-generation system (1972) 

The economic study for a first-generation, sur- 
face processing system (base case) uses an integrated operation 
with room-and-pillar mining of 60,000 tons per calendar day of 


Ly) Fisher assay is a standardized procedure for testing shale 
quality. Yields of greater than 100 percent are possible. 


2/ Using 42 gallons per tons shale, instead of 30 gallon 


per ton shale, reduces estimated shale oil costs by 77 cents 
per barrel. (see figure 10) 
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shale assaying 30 gallons per ton. The mining technology has been 
tested extensively by both the Bureau of Mines and TOSCO for out- 
crop deposits of from 50 to 70 feet of shale beneath several hundred 


feet of overburden. Open-pit mining under these geologic conditions 


_also should be technically feasible, but no satisfactory conventional 


mining technology has been demonstrated for the deep thick seams, 


largely Federally owned, in the Piceance Creek Basin. It would 


be possible to mine a number of horizons in shale of 1500 to 2000 
feet thickness by room-and-pillar mining but this would leave at 
best 50 percent of the shale unrecovered and the amount might be 
much greater. 

It has been suggested that the deep seams in the Piceance 
Basin could be mined successfully by open-pit methods. While 
technically feasible, this method of mining may be very difficult 
to employ. Estimates of the cost of developing a mine, working 
from the surface with 1000 feet of overburden and a shale thickness 
of 1500 feet,indicate that the predevelopment costs could be of such 
a magnitude that the mine developed would need to supply shale to 
either one large plant or a number of smaller ones. For example, 
the oil shale from only 320 acres of shale would supply 1 - 60,000 
barrel-per-day plant for 20 years. Under these assumed conditions 
the operating costs alone would be over $1.00 per ton of shale. The 


disposal problem would also be very difficult since the overburden 
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from such a mine would cover 13,000 acres to a depth of 100 feet 

even if there were no expansion of the overburden after removal 
] 

from the ground. — 


In the assumed first generation surface processing 
system, mined shale undergoes primary crushing at the mine site 
and then is transported to the retorting area where it is crushed 
further and screened to produce a minus 3-inch product. Seven 
gas-combustion retorts are estimated to produce a total of 40,000 
barrels of crude shale oil per calendar day. Surface disposal of 
the waste material is estimated at about 20 million cubic yards 
per year. Asa feasible alternative to surface disposal part of the 
spent shale could be returned to the mine presuming the mining develop- 
ment plan provided for such disposal. 

The crude shale oil is partly refined by delayed 
coking, followed by hydrocracking of the coker distillate to obtain 
a product low in sulfur and nitrogen and containing 60 volume- 
percent of material in the gasoline boiling range and 40 volume- 
percent in the diesel-fuel range. The product is a hydrocracked 
distillate of 35,000 barrels per calendar day with byproducts of 
1,050 tons of coke, 90 tons of ammonia, 45 tons of sulfur, and 


3 million standard cubic feet of gas. Since technology has not yet 


Ee a eee eee ee 
1/ A new mining technology suitable for these deposits is described 
later in this section. 
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been demonstrated for possible economic recovery of associated 
minerals, their yield and value cannot be appraised. 

The design of the retorting system is based on 
two major assumptions. First it is assumed that cylindrical units, 
45 feet in diameter, are operable. (The largest gas-combustion re- 
tort that has been operated by the Bureau of Mines is a rectangular 
unit measuring 6 feet by 10 feet.) The second assumption is a-shale 
throughput rate of 500 pounds per hour per square foot of cross- 


sectional area. (This is approximately double the rate that has 


been demonstrated by the Bureau.) Allowing approximately 2 to 3 years 


for engineering design and experimental operation of a prototype unit 
with concurrent development of a mine, it is reasonable that a 
plant of this magnitude could be put into operation in 1972, witha 
: Pay ; 
total production cost (after byproduct credit,— but exclusive of 


"e 
resource Pee) in the range of $2.68 to $3.28 per barrel of 


3/ 


semirefined crude oil.— The method used for making the DCF 


calculations are shown in Appendix B. 


1/ Assumption made that all byproducts can be marketed. 


2/ The term "resource cost'',as used throughout this report, is used 
for charges for the shale in place. 


al All costs are for an assumed 12 percent discounted cash flow 

(DCF), 30 gallon-per-ton shale and with a 15 percent depletion 
on the oil shale. DCF is the method of calculating the rate of 
return on net invested capital and is used widely by financial 
analysts. 
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((2)) Improved first-generation system (1976) 

The approximate distribution of capital and opera- 
tining costs for the first-generation processing system are shown in 
table 3. Of the 3 major cost areas -- mining, retorting, and re- 
fining -- it is believed that petroleum refining technology; which with 
changes can be adopted to refining shale oil, is approaching a plateau, 
and only evolutionary improvements are visualized in the near future 
unless unique new systems are developed for shale oil. Improve- 
ments in mining (open-pit and room-and-pillar) are expected and 
probably will require system changes. As these would be extensions 
of known technology, they should be attainable with adequate research 
effort. The mining methods to be studied, however, would not be 
_ Suitable for the thick, deep seams of the Piceance Creek Basin 
without either very low recovery of the oil shale and/or increased 
mining costs. By 1976, a 60 foot diameter retort probably could be 
developed after obtaining experience with the 45-foot, first genera- 
tion retort. If so, final production costs of an improved first 
generation system (after byproduct credit, but exclusive of resource 
costs) could be in the range of $1.91 to $2.33 per barrel of semi- 


refined crude oil. 
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Table 3 - Approximate distribution of capital and operating 
costs, first-generation processing system 


Capital investment _/ Operating costs 


Percent MM$ Percent MM$ 

Mining (room-and-pillar) Hs 20.7 46 Lea 
Crushing and conveying 3 2 ae | fa 0.5 
Retorting 31 42.8 20 ait 
Partial refining (upgrading) 49 67.6 31 8.3 

2/ 

Waste disposal— Z, ras 1 aie 
Total 100 138.0 100 26.8 


1/ Does not include werking-eapitale» cost of shale. 


2/ Cost could be somewhat higher if spent shale leaching or other 
environmental factors should require additional controls. 


((3)) Second-generation system (1980) 

It is likely that future technologic advances in 
mining and retorting could be incorporated into a ''second generation" 
oil-shale plant. 

An advanced retorting system, that could improve 
the overall economics of producing shale oil, would involve: (1) 
utilization of the fuel value of the carbon deposited on spent shale; 
and (2) elimination of the present internal-combustion feature in 
favor of a system using gas as a heat carrier to retort the raw shale. 
The gas would be heated through external indirect heat exchange, 


using heat developed by burning the carbon in the spent shale. This 


=. 


method offers increased efficiency and the potential for increasing 
the oil yield to approximately the assay value of the shale. In addi- 
tion, the gas product would have greater value since it would not be 
diluted with combustion products and air. 

A large research and development effort would be 
required for adequate evaluation of the envisaged ''second-generation" 
retorting system, and it probably could not be put into large-scale 
operation before 1980. 

A new mining method, ''cut-and-fill, '' might be de- 
veloped. It would eliminate the cyclic operation of drilling and 
blasting typical of the room-and-pillar method and might be suitable 
to the type of deposits found in the Piceance Basin. In addition, it 
should recover over 90 percent of the oil shale by atilieene shale 
wasted under other systems to maintain a working floor, provide 


support for the stope 1/ 


walls and roof, contribute to effective waste 
disposal and mitigate other environmental problems. The key 
elements of such a system are continuous shale breaking, loading 
and haulage, and positive ground control by filling the underground 
voids with spent shale. Information to date indicates that the 


physical properties, thickness, and structure of the thick shale 


1/ A mining term used for an excavation from which ore has been 
extracted, usually in steps. 
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formations are favorable to the introduction of large, high capacity 
machines which would substitute for the less efficient drilling, blasting, 
and loading cycles inherent in most underground mining methods 

and permit automation to a high degree. 

A shaft first would be sunk to the bottom of the 
shale formation as a starting point for the mechanical miner. After 
the machine completes its pass of the full length of the stoner it 
then would make a second adjacent pass while the void made by the 
first pass is filled with spent shale. This procedure would be re- 
peated until the full stope width and height is mined. After a stope 
is completed, the mechanical miner could be lowered down a stope 
extending from the top to the bottom of the oil-shale deposit where 
it could begin mining the next stope using the spent shale as the 
floor from which to operate the machine. 

By 1972, research and development could estab- 
blish the feasibility and provide basic design criteria for a "'cut-and- 
fill mining system. After 1972, it could be tested in pilot operations. 
It is estimated that this mining method could reduce the current cost 
of comparable room-and-pillar mining by 25 percent and permit 
mining the very thick beds with more complete utilization of the re- 
source. This mining method combined with the second-generation re- 


torting system would result in final production costs (after byproduct 


credit, but exclusive of resource costs) in the range of $1.42 to 
$1.74 per barrel for semirefined crude oils. 
(b) In situ retorting 


((1)) Nuclear fracturing followed by underground 
retorting 


The basic assumptions of producing shale oil using 
a nuclear explosion to prepare the shale for retorting were developed 
by the Atomic Energy Commission, the Bureau of Mines, CER 
Geonuclear Corporation, and Lawrence Radiation babies 
Adjustments were made in these assumptions (table 4) so that the in- 
situ shale-oil production from the chimneys and fractured zone be- 
tween them would equal the expected production over a 20-year 
period froma surface plant. Figure 9 shows the arrangement, to 
scale, of the nuclear chimneys that would be retorted if the chimneys 
were placed 1,000 feet apart (edge to edge) to permit maximum 


fracturing of the zone between chimneys. 


ee ee eee 

1/ Project Bronco: A Joint Government Industry Study of Nuclear 

s Fracturing & In Situ Retorting of Oil Shale, PNE-1400, October 
1967, 64 p, Available from Clearinghouse for Federal Scientific 
and Technical Information, National Bureau of Standards, U. S. 
Department of Commerce, Springfield, Virginia 22151. Printed 
copy $3.00; Microfilm $0. 65, 
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FIG. 9.- ARRAY OF NUCLEAR EXPLOSION FOR 
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Table 4 - Basic assumptions, nuclear fracturing, in situ 
recovery of shale oil 


Explosion yield, kilotons 200 
Depth feet 3,000 


Chimney characteristics 


Radius, feet lok-O 
Rubble mass, million tons tbo 
Oil shale richness, gallons per ton 25 
Total shale oil content, million barrels 4.4 


Shale-oil recovery over 2 years 


Percent recovery factor 50 and 70 
Recovered oil, million barrels Ereeete 5 
Air rate, scf/ton// rubble 7,000 
wea: 
Operating pressures, psig — 50, 100 and 
1,000 


1/ Standard cubic feet per ton 


2/ Pounds per square inch, gage 


The nuclear in situ approach should be most ap- 
plicable to the thick deep shale beds of the Piceance Basin. Since 
the first such nuclear experiment is only now being designed, however, 
it is not possible to predict with assurance the cost of commercial 
production of shale oil by this method. Nevertheless, it is possible 
to postulate a set of reasonable assumptions for the nuclear chimneys 


and to calculate the costs of shale oil produced. 
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The three primary assumptions used in calculating 
the recovery of shale oil from nuclear chimneys are: 
1, The size of the chimneys and fracture pattern created 
by the explosion, and hence, the volume of oil shale avail- 


able for subsequent in situ treatment. 


2. The percentage of recovery of oil from the broken oil 


shale. 


3. The pressure and air-injection rate at which recovery 
Operations could be accomplished. 

It is assumed that recovery in the fractured zone 
between chimneys would be appreciably less than the 70 percent 
expected in the chimney and that the air pressure would need to be 
increased over that used in the chimney. The effect of possible 
ground water in the Piceance Basin on the nuclear chimneys and 
attendant dewatering operations has not been appraised in adequate 
terms. 

Final production costs range from $2.98 to $3.56 
per barrel for erates within the aMtcnene and from $4.38 to $6.84 
(after byproduct credit but exclusive of resource cost) for the com- 


bined retorting of chimneys and the fractured zones between them. 
ee 


1/ With an average grade of 25 gallons per ton. 
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Those estimates reflect an assumption that very high air pressure 
will not be required to prevent ground water from flowing into the 
retort areas. 


((2)) Non-nuclear fracturing followed by under- 
ground retorting 


A processing system has been postulated so that 
order -of-magnitude costs could be developed for non-nuclear 
fracturing followed by in situ recovery. This method might be 
applicable both to deposits near the outcrop and to the thick deep 
deposits of Piceance Creek Basin. : must be emphasized, how- 
ever, that the cost estimates are based on what are now considered 
to be the best engineering assumptions that can be made at this time. 

The first conceptual design for a commercial- 
size operation is postulated on the same geologic conditions as in 
nuclear in situ so that the two methods may be compared. Initial 
development would require drilling and casing two mile-long rows 
of wells. The rows would be 100 feet apart, and each row would 
contain 102 wells extending through a shale zone 1500 feet deep. 
The retorting would be done by perforating the first 100 feet of 
casing in the shale zone every 10 feet and hydraulically fracturing 
the deposit from each of the injection wells situated in one row 
through the formation to the producing wells in the second row 100 


feet away. The process would be repeated for successive 100 foot 
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depths until the entire 1,500-foot shale zone had been retorted for 
the horizontal distance of 100 feet. A second design of non-nuclear 
in situ assumes conditions similar to those near the outcrops. Costs 
(after byproduct credit, but exclusive of resource costs) range from 
$3.74 to $4.62 per barrel for non-nuclear in situ in the deep thick 
seams to $4.41 to $5.32 per barrel in the thinner seams with 
shallower overburden. The higher costs for the shallow shale beds 
result from the higher ratio of overburden to shale thicine sso 
(2) Costs of shale oil 
(a) General considerations 

((1)) Land 

In the cost calculations for this study, no value 
was assigned to the resource since the objective was to determine 
what the in-place value of oil shale would be for various assump- 
tions with regard to the state of mining, retorting, and refining 
technology. To obtain resource value from these calculations it 
is only necessary to estimate the market price of the shale oil at 
the plant. Sales of lands in large units have been infrequent in 
recent years but it appears that the capital investment of $5 to $10 


million would be required to purchase sufficient oil-shale properties 


1/ Overburden 500 feet; thickness of shale 60 feet with an average 
quality of 30 gallons per ton. 
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at present market prices to supply the needs of a first-generation 
plant. Since the higher figure is less than 7 percent of the total 
capital investment, land cost is not a major factor under present 
conditions. That figure represents an in-place value of roughly 
1 to 2 cents per barrel of shale oil--a value that can be expected 
to be much greater when a satisfactory and economic technology 
has been developed to exploit the resource. 

((2)) Water 

The cost used in the economic studies for raw 
water in the Upper Colorado Rives Basin was based on a recent 
contract between the Government and The Oil Shale Corporation for 
storage water. This cost ($0.027 per 1,000 gallons) is equivalent 
to less than 1/2 cent per barrel of shale oil which represents an in- 
significant factor in the total operating cost. As the industry is de- 
veloped, water costs may increase, but they would have to increase 
at least tenfold to affect these estimates materially. As will be 
shown in the next chapter, there is sufficient water to support an 
industry of 1 million barrels per day in Colorado and a larger in- 
dustry in Utah and Wyoming. 

((3)) Pollution 

Estimates of water pollution abatement costs are 


based on the treatment believed necessary to assure that the quality 
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of retorting and refinery waste water discharged into surface streams 
would meet Federal and State water quality standards. The tempera- 
ture of the discharged water would be 20°F higher than that of the sur- 
face water. Because the volume of water would be small relative to 

the size of the river receiving it, the effect of this temperature 
difference on other water uses should be insignificant for a 

35,000 barrel-per-day semirefined shale-oil plant. However, if 

thermal pollution becomes a problem as the industry develops, additional 


control requirements could result in increased production costs. 


The special problems associated with waste water 
formed during retorting and with leaching from surface disposal of 
spent shale have not been included in the cost estimates. Most, if 
not all, of the water formed during retorting, however, may be used 
to control dust that would result from disposal of the waste material. 
If it cannot be used for this purpose, other treatment measures may be 
required which also could result in increased production costs, 

Except for dust control, air-pollution problems 
need not be considered for the first-generation oil-shale installa- 
tion since the sulfur in the shale, appearing in a gas stream as 
HS during the semirefining of the crude shale oil, is recovered as 
elemental sulfur using existing processes. The other potential pollu- 


tant, nitrogen oxides, is recovered as a byproduct in the form of 
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ammonia. In advanced retorting technology, control of sulfur 
dioxide from the combustion of spent shale may be required. 

((4)) Solid-waste disposal 

The cost of moving spent shale to a surface dis- 
posal area by conveyor, with provisions for compacting the material, 
has been included in the estimates of capital investment and annual 
operating costs. These costs amount to about 2 percent of the total. : 
Waste disposal, therefore, is a relatively insignificant cost item. 
If the waste is returned to the mine the cost would be higher depend- 
ing on the mining method and the location of the mine with respect 
to the retorting plant. 

(b) Capital and operating costs 

((1)) Surface processing 

The estimated capital and operating costs for 
several processing alternatives for the years 1972, 1976, and 1980, 
are shown in table 5. 

To test the effect of throughput,an estimate was 
also made of the cost if the plant could be operated at a level 10 
percent above the capacity for which the engineering estimates 
were made. The increased throughput would reduce the operating 


cost about 10 cents per barrel. 


The effect on operating costs as a function of the 


quality of the shale also was estimated. If the 30-gallon-per-ton 
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Table 5. - Operating cost of oil-shale processing alternatives 1/ 


MINING OPTIONS RETORTING OPTIONS 
First generation, Improved first generation, Second generation, 
1972 1976 1980 


SSS 


45-ft-diam units peration 10% above design 7, 60-ft-diam units 28, 60-ft-diam units _ 60-ft-diam units 7, 60-ft-diam units 


Room and pillar 
Capital investment, million dollars $138 $142 $197 $724 $204 


Annual operating cost, million dollars 26.8 28.1 Se ypy7/ 134 36.3 
Cost per barrel: 2/ 


Before by-product credit, dollars 1.52 
After by-product credit, dollars 0.55 
Improved room and pillar 
Capital investment, million dollars 210 
Annual operating cost, million dollars 33.8 
Cost per barrel: 2/ 
Before by-product credit, dollars 1.41 
After by-product credit, dollars 0.44 
Open pit 
Capital investment, million dollars 204 
o Annual operating cost, million dollars 35.9 
Cost per barrel: 2/ 
Before by-product credit, dollars 1.50 
After by-product credit, dollars 0.53 
Improved open pit 
Capital investment, million dollars 206 
Annual operating cost, million dollars 315.6 
Cost per barrel; 2/ 
Before by-product credit, dollars Lee 
After by-product credit, dollars 0.35 
Advanced cut and fill 
Capital investment, million dollars 221 
Annual operating cost, million dollars 30.9 
Cost per barrel: 2/ 
Before by-product credit, dollars 1.29 
After by-product credit, dollars 0.32 


1/ Capital investment includes working capital and operating cost includes depreciation, but no allowance is made for Federal income tax, cost of capital, or return 
on investment. 
2/ Cost per barrel is in terms of semi-refined shale oil and 1967 dollars. 


shale were replaced by a 42-gallon-per-ton shale and the gas- 
combustion retort could be used successfully on this richer shale, 
the cost per barrel of semirefined shale oil could be reduced by 77 
cents. 

In the 1976 technology, the effect on operating costs 
of increasing plant size was determined. In increasing the plant 
size from 62,000 barrels per day to 250,000 barrels per day, the 
saving in operating costs was 9 cents per barrel. Very difficult 
materials handling problems might be encountered, however, in 
moving the required volumes of shale into a central plant and in 
removing spent shale. 

Figure 10 compares the economics for the various 
aboveground retorting systems using a discounted cash flow of 12 
percent. 

((2)) In situ processing 

Since less is known about the technology of an in 
situ processing, the capital and operating costs were determined 
for a number of assumed values for major process variables. The 
operation was scaled to produce 35,000 barrels per day of semirefined 
crude shale oil for 20 years. The estimates are shown graphically in 
figure 1l for a variety of conditions for an in situ operation using 


nuclear explosives for fracturing the shale. The 1,000 psi air 
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l0.- COST OF SHALE OIL AT ZERO RESOURCE VALUE 


FIG 


USING ABOVEGROUND GAS COMBUSTION RETORTING 


(12 PERCENT DISCOUNTED CASH FLOW) 
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COST PER BARREL, dollars (after 6! cents credit for byproduct) 


FIG. Il.- COST OF SHALE OIL AT ZERO RESOURCE VALUE 
NUCLEAR IN SITU RETORTING ~~ 


(12 PERCENT DISCOUNTED CASH FLOW) 


RECOVERY BETWEEN CHIMNEYS 
Acreage Required - 700 -1,000 


NO RECOVERY BETWEEN CHIMNEYS Recovery Efficiency 
a (between chimneys) 


Acreage Required Chimney Spacing 


400 (50 ft. edge to edge) 
3,000 - 4,000 (1,000 ft. edge to edge) 


Effect of Recovery Efficiency Effect of Air Pressure 
50% 70 % 70% recovery 


4./4 


eS<5 
SOLON 
POO wrerareres 


50 50 50 100 1000 150 200 
AIR PRESSURE, pounds per square inch 


| 
— 1,000 feet of overburden, |,500 feet of oil shale 
Average shale quality, 25 gallons per ton 


pressure case was estimated since it may be necessary to use this 
high pressure to prevent ground water from flowing into the chimney 
and interfering with the retorting process. 

When the chimneys are 1,000 feet apart, 3,000 
to 4,000 Sopa would be required for the 35,000 barrels of semire- 
fined shale oil per day operation. This area could be reduced to 
400 to 550 acres if the nuclear chimneys could be placed so that the 
fractured zones between chimneys were as little as 50 feet. 

Recovery of the shale oil in the fractured area be- 
tween nuclear chimneys spaced 1,000 feet apart is expected to be 
more difficult than in the chimneys. Estimates of costs, using a 
12 percent discounted cash flow, for several assumed conditions 
are shown in figure ll. 

The cost estimates and acreage requirements for 
non-nuclear fracturing in situ retorting are shown in figure 12, for 
a number of different conditions. Non-nuclear in situ also could 
be used for the thinner seams under shallow cover; costs for such 
an operation also are shown in figure 12, 

The methods and assumptions used in developing 


these calculations are shown in Appendix B which also shows the 


1/ All average figures include area for plant site. 
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(COST PER BARREL, dollars (after 61 cents credit for byproduct) : 


FIG. 12.- COST OF SHALE OIL AT ZERO RESOURCE VALUE 
NON-NUCLEAR IN SITU RETORTING 
(12 PERCENT DISCOUNTED CASH FLOW) 


THICK DEEP SEAMS THIN SEAMS 


(1,000 feet of overburden, 1,500 feet of oil shale) (500 feet of overburden, 60 feet of oil shale) 
(Average shale quality, 25 gallons per ton) (Average shale quality, 30 gallons per ton) 


Acreage Required - 400 Acreage Required - 3,000 - 5,000 


Effect of Recovery Efficiency Effect of Air Pressure Effect of Recovery Efficiency Effect of Air Pressure 
50% 70% 70% recovery 50% 70% 70% recovery 
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present value of the resource for the different plant types and 
mining systems. 

(3) Associated minerals 

To determine whether byproduct credits could be expected 
from the associated minerals, projections were made of demands for 
alumina and sodium compounds and the anticipated costs of recovery. 

The need for alumina is growing rapidly. The United States 
consumed 6.0 million tons in 1966 and by 1980 is expected to con- 
sume 20 million tons. Annual consumption of soda ash is expected 
to total 11 million tons by 1980, compared with a 1966 consumption 
of 6.8 million tons. 

The quantities of alumina and soda ash that could be re- 
covered from spent shale depend on the initial concentrations of 
dawsonite (the alumina mineral) and nahcolite (the soda ash mineral) 
in the raw oil shale, as well as on the efficiency of the recovery 
processes, The average concentrations from the saline-rich 
dawsonite-bearing zone reported from a core hole drilled near the 


1/ 
center of the Piceance Creek Basin— was used to estimate the potential 


recovery of alumina and soda ash. 


1/ Based upon average dawsonite concentration of 1l weight-percent 

~ and nahcolite of 15 weight-percent. Hite, Robert J and Dyni, 
John R. Potential Resources of Dawsonite and Nahcolite in the 
Piceance Creek Basin, Northwest Colorado, Colorado School of 
Mines Quarterly, v. 62, No. 3, July 1967, pp. 25-38. 


ral 


With these average concertrations, and assuming that all 
of the spent shale was processed at a shale-oil production rate of 
35,000 barrels per day of semirefined oil (0.3 percent of total 
liquid-fuel demand in 1980), one plant could yield enough spent 
shale to produce about 3 percent of the anticipated 1980 re- 
quirement for alumina. A single plant with the same shale-oil pro- 
duction rate could provide about 15 percent of the projected 1980 
needs for soda ash. Recovery of soda ash alone from the 
spent shale does not appear to be economical at even the highest 
concentrations present in the shales that have been evaluated. 

An order -of-magnitude operating (plant-manufacturing) 
cost for treating spent shale (with shale at zero cost) was estimated 
to be $80 per ton of extracted alumina. Even with a credit of $15 to 
$20 per ton of extracted soda ash, the process would not now com- 
pete with the Bayer process, which has an operating cost of $45 
to $50 per ton of alumina when using the same cost estimating 
methods. In addition, byproduct credits for soda ash could only be 
assured for a single plant since the market for soda ash would be 
saturated quickly. Recovery of these minerals from spent shale 
may become economically attractive, however, as a result of future 
technologic developments in extraction processes. Such reductions 


may be expected since only limited research has been conducted on 


process development. 


1€- 
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Even if the research is successful, the mineral-extraction 
industry would have to compete for water with oil-shale processing. 
When the size of the shale-oil industry approaches 1 million barrels 
per day in Colorado, the size of the mineral extraction industry may 
be limited by the availability of water since the water consumption 
for recovering minerals from a given sized shale-oil plant are 
several times higher than the maximum expected for all other 
processing operations (including oil shale) and for urban require- 
ments. 

B. Economic outlook for early oil-shale development 

The achievement of economic shale-oil production could have 
far-reaching public benefits in assuring an adequate and secure 
supply of liquid petroleum for the Nation and the Free World con- 
sistent with utilizing this vast resource in the best public interest. 

The timing and rate of development of an emerging oil-shale 
industry also would be influenced by non-technologic factors such as 
increase in the U. S. market for oil, government policies on oil 
imports, prorationing, tax treatment and leasing conditions for oil 
shale, An increase in oil imports, for example, might tend to delay 
the start of an oil-shale industry, while a decrease in those quotas 
might accelerate it. Changes in the Federal tax treatment of either 


crude oil or shale oil also could have an appreciable impact, 
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The number and sizes of Federal leases offered, refusal 
prices, size of royalties required, conservation, performance and 
environmental requirements, and patent provisions all could affect 
the potential number of entrants into a shale-oil industry and the 
pace of development. 

Another policy uncertainty that may affect the pace of shale- 
oil development is possible changes in State prorationing. Since only 
three States, whose current petroleum production is less than 7 
percent of the U. S. total, have oil-shale deposits that might be 
economic initially, other oil-producing States subjected to pro- 
rationing may take further steps to keep their oil production com- 
petitive. 

The rates at which Outer Continental Shelf leases are offered 
and production increases,and the degree of success in other domestic 
drilling programs could affect the rate at whicha shale -oil indus- 
try emerges. Disturbances throughout the world or changes in 
government policy could result in greater incentive for oil company 
investments in the United States and sharply accelerate the pace of 
shale-oil development. 

While evolutionary technology is to be expected in the fields of 


exploration techniques, drilling, and recovery, the cost of crude, 
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especially offshore, still could increase in the future and thus 
hasten the shale-oil development. By contrast, if exceptionally 
low-cost or efficient methods were developed in any of these tech- 
nologies, the cost for producing crude oil might be reduced signifi- 
cantly and shale-oil development delayed still further. 

A research effort also is under way on methods for converting 
coal -- a resource also in abundant supply -- into liquid fuels. 
The major problem faced by coal is the large volume of costly 
hydrogen required for such conversion. The advantages that coal 
may have over oil shale, however, are: (1) the great reservoir of 
coal-chemistry knowledge accumulated over the years; (2) better 
product yields of over 100 to 150 gallons of oil per ton for coal com- 
pared to 25 to 40 gallons per ton for oil shale; (3) a smaller waste 
disposal problem; and (4) proximity of major coal deposits to large 
fuel markets. Table 6 contains preliminary cost estimates for 
converting coal and gas to liquid fuels based on the technical- 
performance claims made by various industrial firms. Not enough 
information is available to make independent engineering estimates 
on the same basis as the other costs estimated in this report; hence, 
these values are not subject to direct comparison. The wide range 


of values indicates a probable high degree of uncertainty. 
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Table 6. - Cost estimates for converting coal and gas to liquid products 
(Plant size - 35,000 bbl. per day) 


| 


Estimated 


| Total annual Operating | Operating costs per 


Capital operating costs after barrel of oil 
Process Investment cost credits Before With 
(million (million (million byproduct byproduct 
dollars) dollars) dollars) credits credits 


A 128.6 50.0 43.5 3091 3.41 
B 136.3 41.1 18.8 3622 1.47 
C 
Coproduct 121.4 60.9 29.0 4.77 2627 
No Coproduct 1 60.0 42.4 4.70 3.32 
DY 474.9 80.7 66.2 6.31 5.18 
E (gas) 219.3 58.1 52.0 4.55 4.07 


a 


y "Per stream day". (Other estimates are on the basis of calendar-day). 


The value of a semirefined shale oil in Colorado has been esti- 
mated at $3.08 per Lao srt With the 1972 technology described 
previously, the cost of production is estimated at $2.98 per barrel 
(after byproduct credit) using 30 gallon-per-ton shale and a 12 per- 
cent discounted cash flow (DCF), and exclusive of resource costs. 
Since the value of the semirefined shale oil, $3.08 per barrel, falls 
in the range of possible error in the cost estimate ($2.68 to $3.28 


per barrel, assuming that all the technologic assumptions are 


SE EES Eee 
1/ This value was developed by estimating the value of the semi- 
refined crude delivered to a refinery and subtracting the esti- 
mated pipelining costs from Colorado. The physical and 
chemical properties of the semirefined crude were supplied to 
two large refiners and the value selected was the average of 
the values which were assigned by these refiners. 
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accurate) the first shale-oil plant would be marginally attractive 

at 12 percent DCF without inclusion of resource charge. However, 
because of the high technological and other risks involved in sucha 
capital-intensive venture and the rapid obsolescence that can be ex- 
pected for this first plant, a potential investor may desire a higher 
DCF. 

Since the first plants are expected to use technology particularly 
Suited to the oil-shale deposits largely in private hands, it would be 
most appropriate that industry undertake the first ventures, The 
oil industry is accustomed to making large expenditures for ad- 
vanced technology. To the extent that Federally-owned re- 
sources of similar nature are needed to fill out economic operating 
units or to provide a resource base sufficient to support a produc- 
tion plant, the Federal Government should commit itself to the 
offering of competitive leases or to enter into ''blocking-up'' arrange- 
ments to enable private industry to move ahead. 

With experience gained in the operation of a first-generation 
plant, it is anticipated that a second plant could be constructed 
which would permit production of shale oilat more economically 
attractive levels. The technology is fairly well known and it is be- 
lieved that operation of a single plant would provide the information 
necessary so that a second-generation plant could produce shale 


oil at lower cost. 
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Moreover, the investments in the mine and in the semirefining 
plant could be used in a second generation plant. These represent 
about 65 percent of the total capital investment. 

As an alternative, a privately financed plant module of 5, 000 
barrels per day of semirefined crude oil capacity could be used to 
permit mining, retorting, and semirefining at a sufficient scale to 
permit more confident cost estimates, to improve technology, and to 
demonstrate and prove the technology of a full-scale retort, The 
cost of a shale-oil plant of this size has been estimated at $34 million 
instead of $138 million for a full-scale plant. 

Private construction of a full-scale plant or a module is the 
preferable method of proving retorting and related technology. If 
such private investment is not forthcoming, however, the question 
will arise as to the appropriate Federal policy and action in the 
development of the oil-shale resource. In that event, the Federal 
Government should seek to determine the reasons for industry's 
inaction and reassess all aspects of Federal oil-shale policy. 

The economic development of the thick deep seams that are 
largely Government-owned will require still further research and 
development. A Government research program for developing new 


mining systems for these seams may be needed. Such a program 
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might be justified on the basis of the increased value that the 
Government-owned resources would acquire as a result of the suc- 
cessful development of a mining system for the thick beds. 

In situ retorting, using either nuclear or conventional methods 
of fracturing now is being explored. The potential of underground 
mining systems capable of economically extracting shale oil at 
reasonable percentages of resource-recovery from thick deep seams 


is being evaluated. 
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sk The Development of a Shale-Oil Industry 

A. Public policy and oil shale 

While much has been written which deals with the policies 
and goals of the mineral leasing program ina general way, see 
is little information available regarding specific goals. Neither 
the Mineral Leasing Act of 1920 nor succeeding legislation pro- 
vides any specific itemization of the goals of mineral disposal. 
Alternative leasing policies evaluated in this report are on the 
bases of economic efficiency and of achieving fair market value 
return to the Government, 

(1) Efficient resource allocation among competing uses 
and between different points in time raises the standard of living of 
the Nation. If perfect competition prevailed, if there were no ex- 
ternal costs or benefits, and if there was no interference with free 
markets, the operation of the market would yield optimum resource 
allocation. Where such conditions do not prevail, it should be an 
objective of Government policy to create conditions of resource use 
that approximate as closely as possible those that would result from 
a perfectly competitive market. 

(2) It is Government policy that Federally-owned re- 


sources or property be leased or sold for fair market value. The 
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Government must obtain fair market value as a matter of equity 


between the public owners of resources and the private users, as 

well as to achieve efficient use of the resources in the economy, 

by encouraging its use where its value is highest. 

B. Bidding methods 
Table 7 summarizes the bidding methods cm - 
sidered and indicates the advantages and disadvantages of each. It 

should be noted, however, that at the earliest it will be at least 5 

years before leasing for commercial production is expected because 

solutions first must be found to the ownership and resource value 
problems,and the economics of existing technology must be demon- 
strated. 

@ Based upon analysis of competitive bidding experience 
in other resource areas, it appears that during the initial years of 
development, there may be few competitors and competition may be 
weak. Under such conditions, it probably would be appropriate to 
use sealed bidding procedures with an unannounced refusal price. 

; However, after the industry becomes established and entry barriers 

due to technological uncertainty are reduced, oral bidding with an 

announced refusal price may be preferred. 
Given the assumption that the Federal Government 
should not enter the oil shale business to compete with private enter- 


prise as a producer of oil from shale, but rather should lease its 


81 


28 


Table 7 - Alternative Competitive Bidding Systems 


Type Advantages Disadvantages 
Oral bidding 1. Buyer can react to bid of others. 1. If competition is limited there may 
be lower prices. 
2. Vulnerable to collusive practices. 


Sealed bidding 1. Where competition is weak, bids 1. Buyer must estimate the value and 
may be higher than under oral the strength of the resource com- 
bidding. petition in the absence of complete 

knowledge. 
2. No "second chance" to bid. 

EERO 

Royalty bidding on 1. Minimal capital barriers to entry. 1. Can result in misallocation of resources. 

percent gross value. 2. Administration relatively simple. 2. Difficult to obtain fair market value 
when technology and costs are not 
well known. 
3. Operator pays only for resources 
used. 

Bonus bidding 1. Easy to administer. 1. Raises cost barriers to entry (unless 
accompanied by delayed payment 
schedule). 

2. Provides maximum incentive for 2. No means of sharing high profits or 
efficient resource allocation. losses & therefore is not suitable 
where great uncertainty prevails. 

Profit sharing 1. Operator pays only if his operations 1. Difficult to administer. 
are profitable. 

2. Capital barriers to entry are 2. Requires additional Government involve- 
minimal. ment in internal affairs of business, 


3. Resource misallocation is 
minimized. 


oil-shale resources to private industry for development and 
processing, two problems are encountered: (1) the need to select 
the lessee, and (2) the need to determine the price of the resource. 
These two problems must be solved in a manner consistent with the 
goals of optimum resource allocation and equity between resource 
owners and users. Further, resource allocation efficiency requires 
that administrative costs including expenses of adjudicating disputes 
be included in cost calculations. 

(1) Competitive vs. noncompetitive leasing 

Under existing regulations the Department of the 
Interior is authorized to lease oil and gas lands, which are not within 
a known geologic structure of a producing oil or gas field, to the first 
qualified applicant. The problems and litigation which have arisen as 
a result of the competition to be the first qualified applicant demon- 
strate quite clearly one of the major disadvantages of a noncompeti- 
tive leasing system. 

From 1920 through 1963, there were over 400 Interior 
Department cases involving noncompetitive leasing published in 
Interior Department Decisions but none on competitive leasing. 
Although these publications do not reflect all of the cases in which the 
Department has been a litigant, it is still significant that no case 


dealing with the administration of competitive leasing has ever been 
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reported. The conclusion is that legal problems resulting from 
noncompetitive leasing procedures are much more complex and in- 
volve more administrative problems and precedents in determining 
to whom the resource is to be leased. In an administrative leasing 
system, the unsuccessful company often concludes that its failure 
to obtain a lease was due to administrative discrimination. On the 
other hand, an appropriately administered competitive system 
selects the lessee in the impersonal market place on the basis of an 
objectively determined high bid. In addition to the administrative 
problems, noncompetitive leasing can fail to allocate resources to 
qualified operators resulting sometimes in unproductive and 
detrimental speculative acquisition of public resources and in acquisi- 
tion by inefficient operators. Noncompetitive systems tend to produce 
revenues below a fair market value because administrative rationale 
in determining fair market value is no substitute for the marketplace. 

The best method of transferring the mineral resource 
to the private sector, therefore, is by some kind of a competitive 
leasing system. Sucha system probably would result in greater 
revenue to the Government, better serve industry's needs and contribute 
to a superior pattern of resource allocation. 

(2) Alternative competitive bidding systems 

In competitive bidding a choice must be made between 


sealed and oral auction bidding. The principal factor which should 
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determine the bidding system is the probable vigor of competition. 
Where a market contains many bidders, the interest of the seller 

is well protected by either oral or sealed bidding, and the choice 

of bidding procedure can be based on other factors. However, 
where there are few bidders and competition is unreliable, the 
choice of bidding system becomes crucial. In the initial years 
(perhaps 10) of an oil-shale industry, the number of bidders may be 
limited by: (1) lack of an established and known technology; (2) high 
capital costs; and (3) other energy market uncertainties. 

From the bidder's point of view, the principal 
advantage of oral bidding is that each bidder can hear and see the 
bids cast by all others. Consequently, he can: (1) make an initial 
bid at the lowest acceptable level; (2) cast successively higher bids if 
necessary to obtain a given resource; and, at the same time, (3) 
avoid "leaving money on the table.'' This expression refers to a 
substantial difference between the high bid and the second high bid 
in closed bidding. From the sellers' point of view, the primary 
advantage is that bidding by oral procedures may produce a higher 
level of receipts especially where competition is vigorous. On the 
other hand, where competition is weak or unreliable, oral bidding can 
produce either highly competitive sales or noncompetitive sales. 


Given oral bidding procedures where only one bidder is present, 
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interested, and qualified to bid, the lease offered may be obtained 
for the lowest amount acceptable to the seller (the refusal price). 

A single bidder will never bid against himself. Even where two or 
more bidders are present, competitive bidding may not take place 
for numerous reasons including situations where either implicit or 
explicit collusion exists. From the sellers' standpoint, the problem 
of oral bidding under conditions of few bidders is lack of bidding 
intensity. Such bidding turns to the advantage of the buyer because 
he has no uncertainty about how much his competitors have bid and 
can test their willingness to bid higher. 

Sealed bidding procedures, on the other hand, always 
contain an element of uncertainty due to potential competition. Even 
if a collusive agreement is in effect among bidders, the specter 
of an outsider submitting an unannounced sealed bid may, and often 
does, force a serious bidder to submit a higher bid which he calcu- 
lates more nearly approximates ''fair market value." It could be 
concluded that, where competition is known to be weak, sealed bid- 
ding procedures will produce a higher selling price than will oral 
bidding. 

Under oral bidding, the interests of the seller might 
be protected against the single bidder situation or the collusive 


situation by setting an announced refusal price closely approximating 
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the appraised ''fair market value. '' However, objections are often 
raised against "high" refusal prices, especially where competition 
is weak. As an alternative the seller can withhold refusal price 
information but retain the right to "refuse any and all bids."' This 
provides some protection for the public interest, but such protection 
is more limited. It would be exercised after the identity of the high 
bidder is known, It is expected that the bids that may be refused 
would be limited to those that are most obviously and most unreason- 
ably low relative to appraised value. Only clearly weak bids are re- 
jectable and the rejection defensible. Accordingly, those buyers who 
obtain resources under noncompetitive conditions can receive 
bargains under oral bidding conditions even though the bid equals 
or exceeds the "refusal price-'' Uncertainties associated with estima- 
ting resource values relative to actual fair market value can result in 
significant variance. Those bargains come at the expense of the 
owners of resources. Sealed bidding, with its element of uncertainty, 
even though there may be limited competition, offers some additional 
protection for the public. 

(3) Alternative objects of bidding 

In addition to selecting a bidding system (oral or 
sealed), a choice must be made between three objects of bidding: 
(1) the royalty, (2) the bonus, and (3) a profit share to be paid by the 


lessee to the lessor. 
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(a) Royalty bidding 

Royalty payments tend to result in 
misallocation of resources. A royalty payment is levied asa 
charge ona unit of output (a barrel of oil). It is added to the other 
costs of production, independent of profitability. Production will be 
halted when the cost of an additional barrel exceeds the expected 
revenue unless diligence and performance requirements of the lease 
prohibits such action. If a fixed royalty charge is levied for the 
entire term of the lease, the ''close down"! point will be reached 
before the resource is exploited to its economically optimum level. 
Consequently, valuable resources are not recovered fully and, to that 
extent, misallocation of resources results. The higher the royalty, 
the greater the resource misallocation problem. 

To avoid the misallocation for parcels containing 
known amounts of oil, a full royalty might be set on the first units of 
production, and a declining royalty on a terminal portion. This would 
provide incentive to achieve greater mining and retorting efficiency 
since any increase in output beyond the full royalty point would be at 
a lower royalty. It must be recognized, however, that this system 
involves a risk of prediction - the recoverable quantity may be far 
larger than originally estimated. A declining royalty reduces resource 


misallocations and permits a sharing of any potential "windfall. "' 
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Royalty bidding and royalty payments do not 
present insurmountable administrative difficulties. However, a 
point in the production process must be agreed on as the point 
where the gross value will be estimated for the purpose of applying 
the percentage royalty. Products in addition to shale oil, suchas 
dawsonite and nahcolite, can be accommodated in the same manner. 

(b) Bonus bidding 

Under this system the successful bidder would 
be determined on the basis of the highest bonus bid received from 
the qualified applicants. This method is currently being used by the 
Bureau of Land Management in its competitive sales of leasable 
materials. 

Bonus bidding avoids any interference with 
optimum resource allocation. Under a pure bonus system (i.e. not 
accompanied by a fixed royalty requirement) the high bidder makes 
the agreed-upon lump sum payment and obtains the right to recover all 
the resources leased. However, it offers no means of sharing windfall 
gains and losses between the operator and the resource owner. 

If immediate payment is required, bonus bidding 
may raise barriers to entry because of the large capital requirements. 
One means of lowering the entry barrier due to the bonus payment 
would be to include a delayed bonus payment schedule in the lease 


Contract. 


89 


In the case of oil shale a combined bonus and 
royalty bidding system could have an advantage as oil companies, 
the most likely bidders for shale resources, are accustomed to its 
use. Such bidding under conditions of great uncertainty has been 
used for the Outer Continental Shelf and gas lease sales offered by 
the Bureau of Land Management since 1954. 

(c) Profit share bidding 

Under this system, the buyer would bid a per- 
centage of the net profit from oil shale mining and retorting opera- 
tions which he would pay to the Government. The principal advantages 
of this system are: (1) payments depend on profitable operations, 
(2) barriers to entry are lower than with bonus bidding, and (3) resource 
misallocation is less than with royalty though greater than with bonus 
dyakeay. The system is most suitable for situations characterized by 
high uncertainty. Windfalls are shared by lessee and lessor. 

Since payments for the resource are made only 
after profit has been realized, rather than at the point of auction as 
in bonus bidding, the barriers to entry due to the resource cost are 
low. Further, since the resource cost declines as marginal resources 
are reached, the misallocation problem associated with royalty pay- 
ments is slight. The incentive to operate efficiently is high, but not 
as high as under bonus bidding since some of the gains must be paid 


to the Government. 
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The principal disadvantages of profit share 
bidding are: (1) it is difficult to administer; (2) it requires extensive 
involvement of the Federal Government in the internal affairs of 
business; and (3) the most efficient producer will not necessarily 
be the high bidder. 

Since the resource cost is a function of produc- 
tion cost and revenue, the lessor must exercise some control over 
expenditures by the lessee. A company would have an incentive to 
charge to mining and retorting a maximum of the parent company's 
overhead costs. The amount of overhead fairly chargeable to 
mining and retorting cannot be determined with precision and is 
rather subjective. A vertically integrated company would have an 
incentive both to overstate mining and retorting eats and to under- 
state the value of retorted shale, shifting profit forward or backward 
to other levels in company operations. To avoid these abuses, 
careful auditing of company records would be required and accounting 
standards must be stated precisely in advance of the auction. 

Profit share bidding is not as effective in 
selecting the most efficient producer as bonus bidding or royalty 
bidding. In either of the latter two cases, the bidder must estimate 
his costs and revenues and determine the residual value. This 


estimated residual becomes the basis for calculating the maximum 
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bid. The most efficient producer, by definition, has the highest 
residual and, therefore, is in a position to cast the highest bid. 
If there is a direct relationship between this residual and the 
amount bid, then the most efficient operators are the winning bid- 
ders. Incontrast, the profit share bidding system selects the 
bidder who is willing to pass the largest profit share to the Govern- 
ment. It permits an inefficient producer to bid a higher share ofa 
smaller profit and thereby win the lease. 
(4) Miscellaneous considerations 

(a) Number and size of leases 

Under current regulations, maximum lease 
tract size is limited to a fixed number of surface areas for each pro- 
ducer, The thickness and quality of the oil shale deposits vary, 
however, and any limitation on lease tract size should not be based 
on surface acreage alone. Instead, an economic production unit 
might be offered. This leasing unit would be based on the quantity of 
reserves necessary to support a typical sized mine and plant facility 
for, for example, 20 years (for underground mining methods). Adjust- 
ments in lease size might also be required to accomplish other goals, 
such as avoiding bisecting a water course or providing reasonable 
ease of access, Space for location of a plant site needs also to be 


provided. 
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Where the oil-shale deposit could be exploited 
by open pit mining, a larger tract size and longer reserve life 
may have to be specified. 

If a producer needed additional reserves to 
amortize a larger plant, he could nominate a contiguous lease unit. 
This unit might then (at the option of the Secretary) be put up for 
competitive bidding. The nominating company would have certain 
economic advantages in the bidding since it owned the adjoining 
lease parcel. 

It may not be necessary as a matter of economics 
to limit the number of leases held by one person or firm since the 
rental system specified below would make the holding of unproductive 
leases uneconomical. 

(b) Rental 

In order to avoid speculation on the initial leases, 
the successful bidder could be required to pay a significant graduated 
annual rental, creditable against royalties. The amount of the rental 
would have to be considerably above the $0.50 per acre currently 
specified in the law. This could be based on the estimated number of 
barrels of oil equivalent in place rather than on the total acreage each 
producer holds under Federal lease. Total acreage is meaningless 
because of variations in the thickness and quality of the resource, . 


Thus, an acreage rental system is not equitable. 
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(c) Time limitation 


As a further deterrent to lease speculation, 
leases may be limited to a given period of time. Perhaps the ex- 
pected period of production would be suitable. 

(d) Need for pre-sale information 

In order that both the Government and the 
resource purchaser may have confidence that th: bids reflect fair ~ 
market value, regardless of the system used, sufficient knowledge 
of the deposit and the costs of exploiting it must be obtained. It is 
difficult for the Department to manage the mineral estate intelligently 
when little is known about the quantity or quality of the resource. 

Before each potential lease parcel is offered, 
the Government should finance geologic investigations to the extent 
necessary to reasonably define the content of the oil-shale deposit. 
This also would allow better management and would facilitate the 
determination of the extent of occurrence of other associated minerals. 

(e) Serial versus non-serial leasing 

Under a simultaneous (non-serial) offering 
system, the potential producer cannot be sure that he will not over- 
commit himself by being the successful bidder on several lease tracts. 
By offering leases serially, the bidder and his competitors are given 


the opportunity to determine success or failure in previous bidding 
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before commiting additional funds for otherlease parcels. In 
addition, parcel offerings make it less likely that ‘fishing bids" will 
be successful, i.e. low bids offered on a multiplicity of tracts in the 
hope some will not be bid on by others. 

Leases, therefore, could be offered serially 
either at the discretion of the Government or by nomination by the com- 
panies. The resource manager would not be obligated to offer for com- 
petitive leasing every unit nominated. 

(f) Other possible requirements 

Cry) To facilitate development of the re- 
source, the transfer of leases among lessees could be allowed subject 
to antitrust review by the Justice Department. 

((2)) A seller's right of access to produc- 
tion-cost records of each lessee could be retained on a confidential basis 
by the Government in order to be able to obtain accurate and current 
cost data for use in establishing minimum bids as necessary. To reduce 
the costs of obtaining such data, this right might be exercised ona 
sampling basis. 

((3)) A renegotiation provision introduces 
some uncertainty into the matter of ultimate cost to the lessee which 
will tend to reduce the commitment which firms will be willing to make. 
There should be no need for contract renegotiation during the initial 


lease period if sufficient resources are leased for the anticipated life of 
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the commercial plant. However, provisions for renegotiations should @ 
be included at least in the early leases in order to provide an Oppor- 
tunity to compensate for changes in technology, resource values, etc. 
that might occur over a 20 to 30 year period. 

((4)) An effectively competitive bidding system 
will provide better safeguards than can generally be expected through 
bidder eligibility requirements. 

((5)) Specific requirements for research and 
development should not be included in production leases. Instead 
companies should plan their own research and development and adjust 
their bids accordingly, thus retaining an incentive for efficiency and 
managing their own programs without Government involvement. y 
( 
@ 

((6)) There could be a requirement for diligence 
in that leases would terminate after a stated period of years (depending 
upon the time needed to get into production) unless by that time pro- 
duction was on a commercial basis. 

(5) Summary and conclusions regarding leasing 

The disadvantages of a noncompetitive system include high 
administrative costs, a propensity toward speculation, and the sub- 
stitution of administrative judgment for the workings of the market- 
place. In addition, such a system would not be readily accepted by 


industry so that its use might retard development of the oil-shale resource. 
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It can be fairly concluded, therefore, that a competi- 
tive bidding method ought to be used. Since sealed bidding offers 
greater assurance of obtaining fair market value where competition 
is weak (the condition expected at the initiation of oil-shale bidding), 
and is somewhat less vulnerable to collusion, the sealed competitive 
system probably would be best at least initially. However, when 
competition for leases becomes strong, oral bidding might result 
in a greater return for the resource. 

A combination of bonus bidding (with a refusal 
price and a high graduated rental requirement) and a modified 
royalty payment appears to offer a good compromise among the 
bidding alternatives. The refusal price should approximate the 
estimated fair market value to protect the public interest against 
inadequate competition. A high annual rental should be required 
to stimulate early devd opment and production. Rental payments due 
in any one year could be applicable toward royalty payments due in 


the same year. If the bonus bidding appears to be a barrier to entry 


due to large capital expenditures, provision could be made for 
installment payments. 

To promote optimum resource utilization and to 
mitigate 'windfall" potentials, a declining royalty rate should be 
considered after a specified amount of the resource has been 


utilized. The point in the production process where royalty will 
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be charged still must be determined. Preliminary evaluation in- @ 
dicates that this royalty should be on the oil shale and associated 

minerals in place, as the processing options selected will cause 

the end products and their value to vary widely. 

C. Regional impact 

The impact of any new industry, especially one highly concen- 
trated geographically ina largely rural region, would depend both on 
the rate of development and the industry's ultimate size. Adequate 
housing, schools, libraries, transportation and communication 
systems, water and power services, and other community require- 
ments would have to be provided to meet the needs of both the new 
industrial plants and the related urban growth. 

The labor force required to man the plants and provide support ® 
services would be large enough to change the social and economic 
patterns of the area that now has a population of 72,000. It has been 
Sstiraate ded that a million-barrel-a-day oil-shale industry would 
have the following effects: 

1, Generate an annual payroll of about $280 million. 

2. Employ 15,700 people in construction and operation of 

the plants and require a total of 27,000 other people 
who will be associated in support of the industry. 


3. Increase the total population by 115,000 people. 


1/ Ryan, J. J. and Welles, J. G., Regional Economic Impact of a 
U.S. Oil Shale Industry, Denver Research Institute, University 
of Denver, Denver, Colorado, 1966, 81 p. € 
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Careful advance planning and significant capital investment and 
operating costs would be required to ensure orderly development of 
the area. This would require an understanding at all levels of the 
magnitude of these physical and financial demands. Local community 
planning for land use should be completed in advance for adequate 
development of supporting and public facilities. 

D. Water resources 

(1) Requirements 

The mining, crushing, retorting, and partial refining proc- 
esses of a 1 million barrel per day shale industry in Colorado, using 
the 1972 gas-combustion plant (described earlier), would require a 
diversion of about 145, 000 acre-feet of water annually to support the 
industry and to meet related urban demands (if the associated minerals 
are not processed). Of that amount, from 60,000 to 95,000 acre-feet 
of water would be consumed. (table 8) 

Some water would be produced during the oil-shale re- 
torting and the amount shown in table 8 (10 gallons per ton) could be 
expected from either the TOSCO or gas-combustion retort. Since 
this water would have a relatively high total dissolved-solids content, 
it would not be of potable or irrigation quality, but it could be used to 
control dust when the waste material is dumped -- in which case it 
would be utilized without causing significant pollution. If such use is 


not feasible, the water produced during retorting would have to be 
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impounded or treated before being discharged into streams or 


@ 


otherwise disposed. 


Table 8. - Estimated annual water requirements at 
various semirefined shale-oil production rates 


(Thousand acre-feet per year) 


Shale-oil production, thousand bbl/da 

De nee oh oe ney teen e952 ei We 1 000 ee 
Water diverted: 

Basic operations 1/ Sys) 100.0 

Urban use 2/ ral 36.8 

Solid waste disposal O39 25.0 

Credit for water produced 3/ “0.5 -16.8 
Net diversion requirement 52.0 145.0 
Water consumed: 


Basic operations 1.4-2.6 40.0-75.0 
Urban use 0.4 1 Rea | 
Solid waste disposal 4/ 0.4 8.2 
Net water consumed Zeer oe 60.5-95.5 
Water returned 5/ 2.8-1.6 85.0-45.0 
1/ Includes mining, retorting, and partial refining and is based upon a @ 


feasibility study prepared by the Bureau of Mines. Water consumed 
depends upon methods selected for processing and is assumed to range 
from 40 to 75 percent of water diverted. 


2/ Consumption estimated at one-third of water diverted. 
Source of Data: Ryan, J. J. and Welles, J.G., Regional Economic 
Impact of a U. S. Oil Shale Industry. Denver Research Institute, 
University of Denver, Denver, Colo., 1966, pp. 52-55. 


3/ Basis: Gas-combustion retort which produces about 10 gallons of 
water/ton of shale retorted. Assumes all water produced will be 
used to control dust; hence, these amounts of water are deducted 


from diversion requirement, 


4/ Represents the difference between amount needed and that produced 
during retorting. 


5/ At acceptable water quality standards, 
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Using the best data available on the concentration of 
associated minerals, the volume of water required to extract 
alumina and soda ash from the shale retorted by a 35, 000 barrel- 
per-day semirefined shale-oil plant is estimated at 6, 400 acre-feet 
per year when 0.6 million tons of alumina and 1.7 million tons of 
soda ash are recovered. Neither this water requirement nor the 
additional water that would be needed to support additional urban 
population associated with such a minerals industry are included in 
table 8. 

(2) Availability 

Water from the Colorado River or its tributaries would 
be used to supply the needs of the area and the amount that can be 
consumed is restricted by existing compacts between the States in 
the Colorado River Basin and by treaty with Mexico. That available 
for the Upper Colorado Basin for depletion is estimated by the Bureau 
of Reclamation to be 5,800,000 acre-feet per year assuming the Upper 
Colorado Basin meets half of the Mexican Water Treaty delivery. 

As shown in table 9, water is not a critical factor in 
either Utah or Wyoming since there are more than 200, 000 acre-feet 
in each State available for consumptive use by an oil-shale industry 
even if all of the committed water use takes place by the year 2030. 
This quantity of water could support an industry of 1 to 2 million 
barrels per day in each State; however, this available water could be 


allocated to uses other than oil shale should they develop in the future. 
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Table 9. Present and future water use in Wyoming 
and Utah:1/ 
(thousand acre-feet annually) 


Wyoming Utah 
Ultimate Ultimate 

Lois (2030) Bele be (2030) 
Apportioned ultimate depletion 805 805 L322 1322 
Present use -267 -267 -581 -581 
Committed for future use -123 -228 -117 -213 
Evaporation from storage units = 92 = 92 -152 -152 
Credit for water salvage a5 et, + 23 + 36 ae Sie 
Committed for proposed projects -- - 31 - 50 -147 
Potential water available for 
depletion for oil-shale develop- 2/ 
ment 346 sya 460 2672/ 


1/ Bureau of Reclamation Estimates. 
2/ Assumes the Upper Basin obligation to contribute to Mexican Treaty 
deficiency 

Availability of water in Colorado in terms of consumptive use 
for oil-shale development is shown in table 10 for two assumed con- 
ditions regarding the Colorado River Basin. As the table indicates, 
under these alternative assumptions, between 86, 000 and 456, 000 acre- 
feet of water would be available annually for consumptive use. 

A comparison of the Aas in table 10 with those in table 8 indicates 
that under the most restrictive conditions, there is enough water to 
support a Colorado oil-shale industry of about 1 million barrels per 
day if no associated minerals are processed. Under the lesg restrictive 


condition, water potentially would be available to supply a Colorado in- 


dustry of up to 5 million barrels per day. (Present US petroleum production is 
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Table 10. - Availability of water for oil-shale development in Colorado--effect of current legislative proposals ~ 


(Thousand acre-feet per year) 


Case I Case II 
Item Ultimate Ultimate 
1975 (2030) 1975 (2030) 
Not presently used or committed 744 489 744 489 
Would be committed by proposed projects 30 477 30 80 
2/ 2/ 
Remaining for use 714 ae 714 409 — 
Present or proposed use for oil shale development: 
Green Mountain Reservoir water under contract 
(TOSCO) is ti 7 7 
Ruedi Reservoir water available for contract 20 40 20 40 
West Divide Project proposed M&I water -- a -- -- 
Total present or proposed use for oil shale 2B 74 2% 47 
Total potential water available for depletion 
for oil shale development 741 86 741 456 


Explanation: 


Case I - Based on authorization and construction of the projects included in H.R. 3300, 90th Congress, 
(Colorado River Basin Project). 


Case II - Situation without above projects. 


1/ Bureau of Reclamation estimates. 


2/ Assumes Upper Basin obligation to contribute to Mexican Treaty deficiency. 


about 9 million barrels per day). The development of an industry 
to process the associated minerals would compete for water with 
the shale-oil industry. The size of the combined complex may be 
limited by water availability, with the use being determined by the 
most favorable overall economics. 

(3) Values 

Based on existing patterns of water use in the Colorado 
Basin, it is estimated that an acre-foot of water has an average 
benefit value of $18.00, net of all costs required in delivery and use. 
This figure represents a composite amount based on the present mix 
of uses and the values for each use. The amount would be altered 
by shifting uses and by changes in price Perini 

This benefit value is not necessarily representative of 
the market value of water, since it is possible that water rights 
associated with private irrigation use may be purchased at substantially 
lower cost, Also storage water may be purchased from Federally 
constructed reservoirs. For example, the contract between the 
Colony Development Company and the Government for water for 
oil shale use stipulates charges ranging from $8.50 to $10.46 an 
acre-foot for water released from the Green Mountain Reservoir. As 


demands for water increase, and as storage sites become more costly 


1/ Source, Bureau of Reclamation. 
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to develop, it is likely that water costs could range from $12 to 
$20 an acre-foot. 

E. Impact on supply from other energy sources 

Oil shale will have to compete with other existing energy 
sources and with other alternative methods for producing liquid fuel 
substitutes. The development of a shale-oil industry could affect the 
rate of petroleum exploration and eventually could result in a reduction 
in the United States productive capacity for liquid petroleum. 

With a ''sunk" investment in exploration and drilling, petroleum 
will continue to be produced from those wells where the out-of-pocket 
operating costs do not exceed the price of petroleum. 

Commercial shale development may have some bearing on 
future supplies of natural gas. To the extent that shale oil re- 
places crude oil, the resources of producing industries could be 
directed away from prospecting for oil. Because the initial stages 
of geological and geophysical exploration are nonselective between 
crude oil and natural gas and even subsequent drilling is only partly 
selective, any lag in exploration for oil will tend to reduce the dis- 
covery rate for natural gas -- whether or not it is associated with 
crude oil reservoirs. 

Liquid fuels already are beginning to be produced from tar 
sands on a commercial scale in Canada and the technical feasibility 


of converting coal and gas to liquid fuels has been established for many 
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decades, Continuing research is under way to further reduce the 
cost of these processes. The commercial development of any of 
these alternative potential sources of fluid energy will require both 
large-scale operations and heavy capital commitments. 

F. Effect on oil imports 

As reflected in this study, shale-oil production (but with no 
charge for the resource) may now be marginally attractive at current 
domestic prices. Domestic oil prices, however, are, in part, de- 
pendent on continuation of existing import policies. At least in its 
early years the emergence of a United States shale-oil industry might 
appear to be dependent upon either a continuation of import controls or 
upon other measures which would permit it to compete with other 
domestic crude sources, Should large scale shale-oil production occur, 
questions of the continuation of the 01il import program will emerge. 
Examination of oil import policies or other alternatives is, however, 
beyond the scope of this report. 

If the oil import program continues, two basic questions are 
raised: (1) how shale oil should be used in calculating oil import 
quotas, and (2) how it should be treated in allocating these quotas to 
eligible importers. These questions affect not only the economics of 


shale oil but also shale's competitors. 
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(1) Under the present oil import program, ner ben, 
into Districts I through ive! are limited to 12.2 percent,of.the U.S. 
production of crude oil and natural gas liquids in those districts. If 
this program remains in effect when the production of oil from shale 
becomes commercial, a determination will have to be made of how 
shale oil is to be treated in the import program. Oil from shale 
could be added to crude oil and natural gas liquids produced in the 
United States in determining the overall size of the oil import quota. 
This would place shale oil on the same basis as crude with respect 
to oil import quotas, making the quota 12.2 percent of U. S. oil 
production, whatever its source (coal or tar sand oil would pre- 
sumably be given the same treatment). 

(2) If shale oil is not included as an eligible input for 
oil import quota allocation, refiners would have an economic pre- 
ference for crude oil, other things being equal, because of the im- 
port allocations which its use would fone retest, The pre- 


ference would be reflected ina lower market price for shale oil 


1/ Other than residual fuel oil. 


2/ Districts I through IV include all States except Washington, 
Oregon, Nevada, California, Arizona, Alaska, and Hawaii. 


3/ The concept of auctioning oil import tickets has been proposed 
in lieu of the present method of making allocations. Under these 
conditions the refiner should have no preference for crude oil. 
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of about 11 cents per barrel i/ and would serve to discourage the 
development of a shale-oil industry. For large refineries, the 
differential would be as little as 6 or 7 cents per barrel since 
quotas are allocated on a sliding scale with a smaller quota to the 
larger refiners. 
If shale oil is to be included as an eligible refinery 

input, a determination will have to be made concerning the form in 
which it acquires eligibility as crude oil. The issue is whether to 
use the point where it is partly processed, or where it is ultimately 
refined. This becomes significant if these operations are conducted 
by different operators. 

G.- Effect on regulatory practices 

The State regulatory and conservation agencies in the principal 
crude oil producing states might react by adjusting programs to main- 
tain their market for crude petroleum to meet the competition of an 
emerging shale-oil industry. Should the shale oil become a significant 
factor in the energy mix,questions of continuation of State oil production 
controls will doubtless emerge. Consideration of these and related 
problems is beyond the scope of this report. 

H. Federal tax treatment of oil shale 

According to existing Federal Internal Revenue Service rulings, 
income from commercial exploitation of oil shale would be eligible for 
1/ Crude oil imports are about 9 percent of total demand so the value of 

an import quota to a refiner is 9 percent of $1.25 (current value of an 
import ticket) or 11 cents. 
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depletion allowances under the Federal income tax. Such allowances 
Could ue pageduewner on cost depletion’ or on, '"'percentage deple- 
tion'' -- amounting to 15 percent of the gross value of oil shale after 

it is mined and crushed but prior to retorting. This is equivalent to 
about 5 cents per barrel of shale oil after taxes. Spokesmen for oil- 
shale interests have argued that the allowable percentage depletion 
should be 27-1/2 percent (the same as for petroleum) and that it should 
be based on the value of the shale oil after its extraction from the 

oil shale. This is equivalent to about 40 cents per barrel of shale 

oil after taxes. Others have argued that since the quantity of shale oil 
recoverable from a given formation can be determined with reasonable 
accuracy in advance of its production, there should be no depletion 
allowance. Resolution, or even detailed analysis of this issue, is 
beyond the scope of this report. 


I. Existing legislation for leasing of oil-shale lands and for 
research 


(1) Mineral Leasing Act 

The legislation authorizing leasing of oil-shale lands is the 
Mineral Leasing Act, 30 U.S.C, 241. The pertinent provisions of the 
oil shale section are as follows: 

No lease shall exceed 5,120 acres of land, to be 


described by legal subdivision of the public-lands surveys; 
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other 


those 


Leases may be for indeterminate periods upon such con- 
ditions as may be imposed bythe Secretary of the Interior in- 
cluding covenants relative to methods of mining, prevention of 
waste, and productive development; 

An annual rental of precisely $0.50 per acre 
per year must be charged; 

A royalty in an amount specified in the lease 
may be charged; 

The annual rental is to be credited against royalties 
accruing for that year; 

Royalties are subject to readjustment at the end of 
each 20-year period by the Secretary of the Interior; 

The Secretary may in his discretion waive the pay- 
ment of any royalty and rental during the first 5 years of 
any lease; 

Not more than one lease shall be granted to any one 
person, association, or corporation. 

In addition, the oil-shale section incorporates by reference 
provisions of the Mineral Leasing Act. For present purposes 
most relevant are as follows: 

No person, association, or corporation may take 
hold, own, or control at any one time an interestasa 


member of an association or a stockholder holding a lease 


a 


which, together with his other direct or indirect interests, 
exceeds in the aggregate more than the maximum number of 
acres allowed to any single lessee. Thus, for oil shale, the 
total direct and indirect holdings for any person, 
corporation or association in Federally-leased oil- 
shale lands would be 5,120 acres. However, pro rata 
holdings of individuals in associations or corporations 
are not counted for this purpose unless the holdings are 
10 percent or more of the stock or other instrument of 
ownership or control of such association or corporation. 
30 U.S.C. 184(e). 

No lease may be assigned or sublet except with the 
consent of the Secretary. 30 U.S.C. 187. 

The Secretary in his discretion may permit 
written relinquishments which upon acceptance relieve the 
lessee of future obligations under the lease. Surrender of 
legal subdivisions of leases may also be permitted with the 
Consent-orethe secretary, 30.U.S.G.. 187. 

The money to be received by the United States from 
leasing of its oil-shale lands is to be paid into the Treasury, 
and that total (except for Alaska) is to be divided on an annual 


basis, as follows (30 U.S.C. 191): 


37-1/2 percent to the State in which the leased 
land is located; 


52-1/2 percent to the Reclamation Fund; 
10 percent to miscellaneous receipts. 
(2) Investigations, studies and experiments pursuant 
to the Public Land Administration Act 
The Public Land Administration Act of July 14, 1960, 
74 Stat. 506 (1960); 43 U.S.C. 1361-1374, reads in pertinent part 
as follows: 


81362--The Secretary of the Interior may conduct investigations, 
studies, and experiments, on his own initiative or in 
cooperation with others, involving the improvement 
management, use, and protection of the public lands and 
their resources under his jurisdiction. P, L. 86-649, 
Title I, sec. 101, July 14, 1960, 74 Stat. 506. 


§1363--The Secretary of the Interior may enter into cooperative 
agreements involving the improvement, management, use, 
and protection of the public lands and their resources under 
his jurisdiction. The provisions of this section shall apply 
only in those cases where the making of cooperative agree- 
ments for such purposes is neither expressly authorized nor 
expressly prohibited by other provisions of law. P. L. 86-649, 
Title-I, sec. 102, July 14, 1960, 74 Stat. 506. 


These sections give the Secretary wide latitude to conduct 
investigations and studies either on his own initiative or in cooperation 
with others with respect to the improvement, management, use, and 
protection of the public lands and their resources. The legislative 


] 
history of the Act confirms this conclusion. us 


hed House Interior and Insular Affairs Committee Report No. 1249, to 
accompany H.R. 7004, 86th Congress, 2nd Session, February 1960. 
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With respect to oil-shale studies and experiments, the 
Department is authorized to conduct investigations, studies, and 


experiments on its own or by cooperative agreement with others for 


the purposes mentioned in the Act. Some of the kinds of activities 
with respect to oil shale which could be carried out within this 
authorization include experiments to develop the value of the shale 
resource and to determine the effects on other resources, suchas 
water, air, wildlife, and scenic values. The cooperation of private 
parties could be utilized in the conduct of these experiments, as well 
as in other types of activity, such as investigations to obtain minera- 
logical or economic information concerning the nature and extent of 
oil-shale deposits. 

In addition, private parties could be permitted access to 
oil shale to engage in cooperative experiments with the Government, 
providing that such uses would not amount to leasing the oil-shale 
resource which must be accomplished only through the Mineral 
Leasing Act. Within that limitation, a variety of arrangements could 
be worked out under the Public Land Administration Act. 

Under any such arrangements, experimentation should be 
limited to using areas and small amounts of the oil shale to the extent 
required for the specific experiment. Any such agreements should 


prohibit utilization of oil shale for purposes other than clearly 


designated research purposes, should not permit any commercial 
production and disposal of shale oil under this authority, should pro- 
vide for full information disclosures to the United States concerning 


the conduct of experimentation, and should provide for public 


availability on appropriate terms of patentable technology developed 
in the course of experimentation by private parties. 

J. Legislative problems 

The provisions of the Minerals Leasing Act, as discussed 
above, may raise problems in the development of shale oil, although 
the existing legislation appears to be adequate to accommodate an 
Gant program of test leasing under that Act. Any initial test leases 
clearly should disclaim any intent to set a precedent for future com- 
mercial oil-shale production leasing. 

Obvious policy issues are presented by the revenue sharing and 
earmarking provisions of the Act. The earmarking provision calls 
for payment to the Reclamation Fund. Problems of revenue sharing 
with State and local governments are part of the general body of 
problems usually referred to as payments-in-lieu of taxes. Extensive 
consideration has been given to the complex and difficult subject of 


revenue sharing over a period of many years but without the enactment 
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of general legislation. The subject involves both "public lands" as 
the term is generally used and various other classes of Federal 
lands, properties and activities. While resolving these issues are 
beyond the scope of this report, it can be concluded that full considera- 
tion should be given these subjects before production leasing is under- 
taken. 

While not immediately essential, a review should be undertaken 
of the adequacy of other provisions of the Mineral Leasing Act such 
as the restriction of one lease per person, size of the lease, and 
tie tlat’50 cent yearly rental fee per acre. 

K. Summary of needs for research 

The Government has two distinct and important reasons for 
encouraging the development of a shale-oil industry: (1) the bene- 
fits to the Nation that could be achieved if development of the large 
latent resource is economically feasible; and (2) as land owner 
to utilize Federal natural resources in accordance with sound conser- 
vation and business principles and in the best public interest. 

(1) Mining systems 
In general, the privately owned oil-shale resources are 
near the outcrops and are particularly suited to the room-and-pillar 


mining methods that already have been tested extensively. Open-pit 


Na Be 


mining also should be possible depending upon overburden/ shale 
ratios, but there have been no large-scale demonstrations of this 
method in oil shale. Federal holdings of this type of deposit are 


limited. 


By contrast the thick, deep deposits of the Piceance Creek 
' Basin are largely in Federal holdings, but satisfactory methods for 
underground mining of beds up to 2, 000 feet thick with reasonable 
recovery of the resource have yet to be developed. Room-and-pillar 
mining might be adaptable to this thick type of bed. A honeycomb 
type of arrangement of the room and pillars can be conceived so that 
a minimum thickness of shale would be left between the horizons that 
are mined. The potential overall recovery of oil shale by this mining 


method is not known, but is not expected to exceed 50 percent, and may 


be much lower, and it would involve increased mining costs. 
Room-and-pillar mining could be used if only selected horizons 
within the 2, 000-feet thick oil-shale deposits were mined. Develop- 
ment of new mining systems such as the "'cut-and-fill" system 
described in chapter 4 is necessary if higher percentage of re- 
sources are to be recovered and reduced mining costs are to be 
achieved for utilization of these thick formations. 

(2) In situ retorting 

An in situ retorting method, either nuclear or conven- 
tional, eventually may be useful for utilization of various types of de- 


posit. Nuclear in situ is suitable only for the thick deposits with 
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adequate cover but there is a high degree of technical risk in the 
experiment since a large number of process variable are unknown. 
The size and shape of the chimney, the size distribution of the 
broken rock, the type and amount of radionuclides, the air pressure 
required to retort the shale, the efficiency with which the shale could 
be retorted from the chimney and the impact on water quality are 
some of the major unknowns that require testing. In addition, methods 
for recovering the shale oil from areas between chimneys (which may 
contain up to 85% of the total shale oil) still must be investigated and 
this may prove to be more difficult than recovery from the chimney 
itself. Because of the wide-spread interest and high technical risk, 
a joint venture of some 18 oil companies represented by CER, 
Geonuclear Corporation, in cooperation with the Government (Depart- 
ment of the Interior and Atomic Energy Commission) are actively 
negotiating an agreement to carry out a nuclear fracturing in situ test. 
Non-nuclear fracturing followed by in situ retorting is 
believed to be applicable to both thick and thin oil-shale deposits. 
Various methods to obtain sufficient permeability to permit retorting 
have been investigated in a preliminary way by both the Government 


and industry. No commercial-scale tests have been conducted but 
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indications are that additional technologic advances may be necessary 
before any process of this type can be an economic success. Research 
and development is being continued on methods of improving the 
process, 

(3) Surface retorting and refining 

While technologic advances in surface retorting undoubtedly 
will occur in the future, at least three types of retorts have been tested 
sufficiently so that commercial costs can be estimated. Two of these 
retorts were developed by industry and one by Government. Additional 
experimentation on other novel processes may reveal further improve- 
ments in retorting technology. Continuing research in this field is 
desirable. 

Refining of crude shale oil is expected to use processes 
similar to those applied to crude petroleum which are highly advanced 
technologically. Most of the existing technology, with limited modifica- 
tion, is suited to shale oil; however, as new petroleum techniques are 
developed, modifications and improvements by industry can be expected 
to reduce costs further. 

(4) Associated minerals 

In the production of minerals associated with oil shale, 


several factors must be considered. Relatively pure beds of trona, 
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about 10 feet thick, are now being mined in Wyoming, for example, 
and other deposits of sodium salts are known to be contained in the 
oil shale horizons -- some as beds of relatively pure sodium com- 
pounds and others commingled with oil shale. Potentially, the most 
valuable of the commingled sodium salts in Colorado may be dawsonite 
from which alumina has been produced in the laboratory. This is the 
raw material for the production of aluminum. With the relatively low 
concentration of dawsonite in known deposits, it does not appear that 
dawsonite can compete with other alumina sources using present tech- 
nology. However, interest in dawsonite utilization is relatively new 
and methods for economic processing are considered to be within the 
realm of possibility with further research. 

(5) Water pollution 

Research must adequately cover potential water pollution 
problems, particularly those associated with plant residues, leaching 


of spent shale, in situ retorting and groundwater. 


119 


6. Study Conclusions and Recommendations 

As Title clearance 

The title of much of the Federally owned oil-shale lands is 
clouded, but for the purpose of this study it has been assumed that 
most of the private claims on Government-owned land are invalid. 
If this assumption is incorrect, many of the related conclusions in 
this report would have to be modified. Title clarification is neces- 
sary in leasing of the lands; in "blocking up" ownerships; in making 
available surface rights necessary for access and other roads, 
building sites, and other development activities of a regional char- 
acter; and for expenditure of public funds on geological investiga- 
tions to aid in estimating resource values. Doubt as to ownership 
may also make it difficult to manage the land effectively and to 
protect other natural resources. Clouded title could be a deterrent 
to the establishment of an oil-shale industry if such title has not 
been clarified by the time these resources are required. 

Actions already have been initiated on a number of test cases 
raising a total of 16 issues going to the validity of contested claims. 
It is expected that the establishment of legal guidelines on these 
issues will facilitate the disposition of all cases. Program increases 


for the Bureau of Land Management and the Office of the Solicitor 
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are proposed in the budget for fiscal year 1969 to accelerate the 
clearing of title. In addition, the Department of the Interior has 
recommended the enactment of legislation providing for a recorda- 
tion of mining claims with the United States Government, including a 
provision that failure to file within a specified time shall result in 
automatic cancellation. 

De Ownership "'blocking-up" 

Since intermixed land ownerships could present barriers to the 
development of economic blocks of oil-shale resources, provision 
should be made for consolidation of resource holdings either by 
leasing or land exchange, whichever best suits and protects the 
public interest. 

There will be little need for ownership consolidation actions 
prior to production leasing of Federally owned resources as dis- 
cussed in section E(2)(b) of this chapter. Where intermingled small 
tracts of private lands wouldencumber currently desirable Federal 
leasing actions which could otherwise be taken, land exchanges may 
be necessary. 

The need for leasing or exchange of small Government-owned 
tracts intermingled with privately owned lands whose oil-shale 
resources are to be utilized could develop as soon as commercial 


production from such land is planned. In such instances, the 
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Government could assume a reactive role and await nominations for 
particular tracts that are proposed for either leasing or exchange: 
If land exchange is used: 
Ly The fair market value of the offered private land must 
equal or exceed the fair market value of the selected public lands. 
2. The exchange must not otherwise hinder the proper 
utilization and management of Federal lands. 
3. The applicant receiving exchanged Naas lands 
must agree to preserve the quality of the environment and 
follow sound conservation practices for such lands. 
4. The exchange must be necessary to eh a rational 
economic unit. Generally the primary factor would be the 
extent to which the existence of ''ownership islands"’ would be 


a barrier to optimum resource utilization. 


ae The maximum amount of Federally-owned shale 
resource for any single land exhange would be limited to not 
more than 10 percent of the estimated amount (equivalent to 
approximately 50 million bbls. but not to exceed 320 acres) 
that would be required to support a full-scale production plant. 
If a larger amount of Federal oil-shale resource is involved, 
such Federal resources would be made available through com- 


petitive leasing procedures. 
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Cc. In situ experimentation 

The nuclear in situ retorting approach is a high technical risk, 
high-cost proposal but, if successful, could develop the optimum 
technology for the thick, deep beds of the Piceance Creek Basin which 
are largely Government-owned. ''Project Bronco," the cooperative 
nuclear explosive in situ retorting experiment proposed for joint 
sponsorship by Government and industry, is currently being negoti- 
ated. This approach would permit the eighteen participating com- 
panies to spread their risks and would reduce the cost to the 
Government -- the major resource owner. Justification for conduct- 
ing the test includes the following: 

1, The experiment should be conducted because it is 
required to establish the engineering parameters that will 
permit more accurate cost estimates. Only a test can provide 
the necessary data. 

2. The social problems and costs of conventional 
retorting technology may have been underestimated and some 
of the problems may not be solvable by other than the nuclear 
explosive fracturing in situ retorting approach. 

3. The information will be valuable in deciding whether 
mining using nuclear explosives would be economically attractive. 
Funds are included in the fiscal year 1969 budget for the Federal 

Share of this nuclear experiment, for continuation of non-nuclear 


in situ research, and for related research, 
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Ds Proposed Government oil-shale investigation and 
research program 
The proposed program is designed to: 
1. Develop adequate geologic knowledge of the 
amount and quality of resources in place in order to: 
a. Determine quantity and quality of oil shale, water 


and other mineral resources both separate from and directly 


associated with oil-shale formations. 

b. Set reasonable mining conservation and 
environmental protection standards. 

c. Set refusal prices that will assure a fair 
market value return from any leasing of Federal oil shale. 

d. ''Block-up" private and Federal lands. 

The fiscal year 1969 budget provides for acceleration 
and strengthening of geological investigation activities. 

2. Conduct adequate experimentation to develop the 
information and Government capability necessary to estimate 
the economics of mining, retorting, and refining so that the 
value of the resource in place can be estimated and refusal 
pricés can’ beset. 

The fiscal year 1969 budget provides initial financing 


to begin a more intensive study of the economic potential for 
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extraction of minerals from shale -- an area where little previous 
work has been done and which is of current interest, particularly 
with reference to dawsonite. The development of an economically 
feasible technology for production of alumina from oil shale 
could materially change overall processing costs with a corre- 
sponding impact on resource values. 

3. Promote active investigation and development of new 


technology so that costs of shale-oil production can be reduced. 


The research program should emphasize the kind of 

technology that can increase the value of the deep, thick 

seams of the Piceance Creek Basin, which are largely 

Government-owned. Development of the ''cut-and-fill" 

mining method is an example of potential new technology 

that should be explored. 

IDF Alienation of the oil-shale resources 

A major finding of this study is that it has been economic and 
technologic factors rather than the availability of land that have held 
back shale-oil development. There are large blocks of private lands, 
with clear title, that are particularly well suited for the most advanced 
oil-shale technology. Without title clarification, Government ownership 
of land of this type in the Piceance Creek Basin is limited (about 1 percent) 
in blocks large enough for production leasing, excluding the Naval oil- 
shale reserve. Nearly 20 percent of the oil-shale lands in the Piceance 
Creek Basin are in private ownership, but such ownerships may not be 
by those firms having the technology, financial resources, and need for 


commercial production. 
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This study indicates that the value of the resource in place 

now is small, and will remain so until new technology has been de- 
veloped and proved. Industry, if it purchases the resource subject 
to the development of improved technology in the future, probably would 
discount its bid at the rates it uses for alternative delayed return invest- 
ment opportunities. Since this could reduce the bonus bids, the Govern- 
ment should alienate little of its holdings until improved technology is 
developed or shown to be available by bids of appropriate size. 

(1) Research agreements 

It is in the Government's interest to encourage industry 
to make sufficient research expenditures that will lead to improved 
technology which will make oil-shale utilization more economically 
attractive, since under these circumstances the Government-owned 


resource would achieve a substantial actual value. Adhering to this 
principle, the Department of the Interior should take the following 
steps: 

(a) Land and oil-shale resource 

Where the research primarily requires the use of 
oil-shale land, suchas for in situ retorting or mining technology ex- 
periments, the Government could negotiate individual agreements with 
firms needing such research sites. Advance public notice would be 
given for all noncompetitive research agreements. All applications or 
proposals for research agreements should clearly state both the 
minimum acreage and shale resource required. The maximum amount 
of shale resource for any single negotiated agreement would be limited 
to not more than 5 percent of the estimated amount of shale (equivalent 


to approximately 25 million bbls.) that would be required to support a \ 
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full production plant. Such agreements would be limited in tenure 
and nature, would commit only the resource immediately required, 
would require payment of an appropriate amount considering the fair 
market value of the shale resource and for the land use privilege 
and would not give preference for subsequent production leasing. If 
a larger shale commitment is necessary, it would be obtained by com- 
petitive bidding procedures. Subsequent production leasing would be 
on the basis of competitive bidding. 

(b) Oil shale resource only 

For those who wish to do surface retorting experiments 
and do not have shale resources reasonably available, the Government 
could supply the oil shale, if available, at a suitable charge; in no case 
less than the cost of supplying it. This could lower the research cost to 
the purchaser as the investment in a mine to provide oil shale for experi- 
mental retorting could be as high as $3 to $4 million and might have to be 
duplicated by each industrial firm requiring oil shale for retorting ex- 
periments. Purchasing oil shale from the Government would eliminate 
duplication of this investment. Moreover, any experimental retort 
could be located where water, other utilities, and labor would be 
available at lowest cost 

(c) Patent policy 

The Government would not be funding the research 


although Government resources would be used. Thus, both industry 


lic, 


and the Government would be making a contribution to the research. 
In these circumstances, and consistent with the President's Patent 
Policy Statement of October 10, 1963, the Government should require 
licensing of resultant patents and also of the necessary background 
patents to everyone at reasonable royalties. The agreements also 
should contain appropriate requirements covering such matters as 
timely disclosure and availability of information developed in the 
course of the research, access to the research sites by Government 
personnel, and background data. 

(2) Leasing 

To assure that successful research resulting from such Coops 
erative efforts will be used to establish commercial plants, to encourage 6 
research investments, and to assure that Federal oil-shale resources 
will be available at fair market value when needed, the Department of 
the Interior should establish and announce a policy that competitive leases 
will be offered from time to time on the basis of demonstrated production 
demand consistent with obtaining fair market value return to the Govern- 
ment and optimum resource utilization. These leases should be ona 
competitive basis with terms and conditions that will, among other re- 
quirements, avoid speculation and assure that timely commercial devel- 
opment is undertaken. It is only through such offerings that the industry 
could recover its research investments and that the public, as resource 
owner, can realize the economic benefits of an enhanced resource value, 
Those who have developed suitable technology should be able to bid 
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successfully for such leases, or if they are not successful bidders, they 
still would have the opportunity to realize a return on their research 
investment through licensing to others at reasonable royalties. 

(a) Test leases 

There may be proprietary technology available that 
could make test leasing desirable for both thick and thin shale forma- 
tions. Because the Government owns much of the thick, deep beds of 
the Piceance Basin, those with advanced technology to exploit this type 
of deposit might not be able to use their knowledge for commercial 
production without leases being offered. Moreover, some firms do na 
have sufficient oil-shale holdings and may wish to initiate a commercial 
venture using conventional technology in the thinner shale beds. To test 
the market, therefore, the Department should offer two competitive 
leases with sufficient oil shale to satisfy the requirements of a 35, 000 
to 50,000 barrel-per-day plant for the time required to amortize the 
investment (20 to 30 years). One lease would be in the thick beds and 
one in the thin formation most amenable to conventional mining and 
retorting. In this way, the Government would be able to test the 
market potential of both types of shale deposits, 

Since the Mineral Leasing Act of 1920 raises problems 
in the development of an appropriate oil shale leasing program, test 


leases should be offered with an explicit understanding that they will 
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not establish a precedent for future leasing. To the maximum 
extent possible, the test leases should attempt to mirror what this 
study shows to be reasonable lease methods and terms. 

Test leases should be offered under such conditions 
so that it would not be profitable to hold the land for speculative 
purposes. A delayed payment, bonded-bonus bid, could be used. The 
delayed bonus would permit the potential lessee, who would not be able 
to exploit the resource for 4 to 5 years while the plant and mine were 
being constructed, to bid somewhat higher since he would not have to 
discount his bid for the unproductive early years. If, for these test 
leases, the royalties for 5 years were to be credited against the bonus 
(payment of which should be guaranteed by bond) it would be possible 
for a firm seriously interested in developing the resource to offer a 
high bonus. Under these conditions those who would bid primarily 
for speculation could not afford to do so. The type and amount of 
royalties would be specified in the invitations to bid. 

(b) Production leasing policies 

Based upon the findings of this report, it is 
estimated that it will be at least 5 years before significant production 
leasing of Federal lands would be possible or desirable even for the 
thin oil-shale formations which appear to be marginally attractive 


using existing retorting and mining systems. In the meantime, 
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privately owned resources appear to be adequate to meet the 
production demand from oil shale. However, regulations and the 
related policies and procedures for such production leasing should 
be developed and publicly announced as soon as feasible so that the 
lack of availability of Federally owned resources at a fair market 
value return to the Govem ment will not represent a barrier to de- 
velopment of an oil-shale industry. 

Key conditions that should be included in production 
leasing to assure adequate protection of the public interest and, at 
the same time, fair and equitable treatment to the potential lessees 
include: 

1h Competitive bidding (sealed or oral auction based 
upon anticipated competition), Initial leasing probably would 
be by sealed bid. 

2. Advance resource identification financed by the 
Government and available to all potential bidders. 

3. A leasing method that best assures fair market 
value return to the Government, (This probably should bea 
combination of cash bonus, possibly payable over time, and 
royalty payment with a fixed royalty on the total estimated 
quantity of shale sold or a declining royalty rate on some 
terminal portion of the resource to encourage optimum 


resource utilization. ) 
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4. Refusal prices approximating fair market value 
return to the Government. 

5. Fixed annual rental charges that are sufficiently 
high so as to avoid speculative holding of leases. (Subject 
to change in existing legislation. ) 

6. Multiple leases to individual lessees consistent 
with production needs and antitrust policies. (Subject to 
change in existing legislation, ) 

7. Mining and environmental controls combined with 
diligence and performance requirements that assure timely 
and effective resource utilization consistent with pollution 
avoidance, and appropriate protection of other resource and 
public values. 

8. Lease period of sufficient tenure to permit a prudent 
operator adequate time for utilization of the resource leased 
to the extent it is available in minable commercial quantities. 
Appropriate renegotiation provisions effective at the end of 
the first 20 years and at periodic intervals thereafter should 
be included as there may be significant changes in technology, 
resource values, environmental factors, etc., that should be 
considered, particularly as they relate to the earlier produc- 


tion leases, 


9. Transfer and exchange of leases subject to full 
compliance with all terms thereof. (Subject in part to 
change in existing legislation. ) 
10. To the extent that joint ventures inhibit competition, 

they should be discouraged. (The Department of Justice 

should be asked to consider what specific safeguards might be 

taken to assure competitive bidding for these resources. ) 

i Mineral leasing Act of 1920 

In view of the vast potential of the Federally owned 
resource and the extended period over which it could be used, the 
provisions of the Mineral Leasing Act of 1920 should be reviewed 
further. Those provisions that present major policy or management 
issues should be analyzed, and considered for appropriate legislative 
changes. Legislative provisions should avoid serious impediments to 
leasing consistent with fair market value return to the Government; 
barriers to optimum use of the resource; conditions that prohibit 
reasonable opportunity for competition by private industry; and un- 
desirable acquisition of oil-shale leases primarily for speculative 
purpose. 

Since large Federal revenues probably will occur as a result of a 
commercial production program, a detailed analysis by the Department of 


the revenue sharing arrangements and earmarking provisions of the Act 
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also is required with particular reference to the revenue distribution 
to States, the Reclamation Fund, and the Federal Treasury to deter- 
mine the need for changes to assure appropriate provision for both 
national and local public interests. 

This review should begin as soon as possible to assure sufficient 
time for orderly analysis, formulation of needed legislative changes, 
and for legislative review and action as a part of the preparation for 
the production leasing outlined in section E(2)(b) of this chapter. Early 
resolution of leasing and revenue distribution policies is essential so that 
uncertainties are eliminated by a clear statement of the public policies 
for commercial use of the resource. Undue delay could result in 
postponement of production leasing to avoid the establishment of 
undesirable precedents that could be difficult or impossible to 


change. 
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Appendix A 


Quantity and Quality of Oil Shale Lands -- 


Federal and Non-Federal 
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Table A-1 Federal oil-shale lands 
(including both clear and clouded title) 


Item Colorado Utah Wyoming Total 
uantity of land 
Total oil-shale land, thousand acres 1,800 4,900 4 ,300 11,000 
Federal oil-shale land, thousand acres 1/ 1,420 Sh poh, 2,670 7,870 
Percent Federal land (of total) 79 79 62 72 
Percent distribution, Federal land 16 45 a9 100 


Quality of Federal oil-shale lands 


Low grade or unappraised: 


Acres, thousand 570 2,130 1,500 4,200 

Percent distribution cS ail 36 100 
At least 15 £t of 15-25 gpt 2/shale: 

Acres, thousand 300 1,070 700 2,070 

Percent distribution 15 oul 34 100 
At least 10 fe of over 25 gpt shale: 

Acres, thousand 600 600 400 1,600 

Percent distribution 37 37 26 100 


uantity of shale oil in place - Federal lands 3/ 
At least 15 ft. of 15-25 gpt shale: 


Shale oil, billion barrels 600 150 150 900 
Percent distribution 66 17 17 100 
At least 10 ft of over 25 gpt shale: 
Shale oil, billion barrels 390 70 20 480 
Percent distribution 81 15 4 100 
Lise) : 
Shale oil, billion barrels 990 220 170 1,380 
Percent distribution 12 16 LZ 100 


1/ Largely clouded by unpatented mining claims. 
2/ Gallons per ton. 
3/ Data include some allocations from unappraised lands. 
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Table A-2- Non-Federal oil-shale lands - clear title = 


Quantity of land 


Total oil-shale land, thousand acres 
Private oil-shale land, thousand acres 
Percent private land (of total) 
Percent distribution, non-Federal land 


Quality of private oil-shale lands 


Low grade or unappraised: 
Acres, thousand 
Percent distribution 

At least 45 ft of [25-25 gpt 2/ shale: 
Acres, thousand 
Percent distribution 

At least 10 ft of over 25 gpt shale: 
Acres, thousand 
Percent distribution 


Quantity of shale oil in place--private lands 


At least. 15 ft of 15-25%g0t shale: 
Shale oil, billion barrels 
Percent distribution 

At least 10 ft of over 25° ept shale: 
Shale oil, billion barrels 
Percent distribution 

Total: 
Shale oil, billion barrels 
Percent distribution 


1,800 4,900 4,300 11,000 
400 1 00a reeod 3,100 
21 23 38 28 
13 35 52 100 
165 640 890 1,695 
10 38 52 100 
80 320 440 840 
10 38 52 100 
170 170 260 600 
28 28 4d 100 
130 40 80 250 
52 16 32 100 
80 20 10 110 
73 18 9 100 
210 60 90 360 
58 17 25 100 


a ee 


1/ Indian and State lands are included in data shown, 


2/ Gallons per ton. 
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Table A-3 Federal oil-shale lands - clouded title 
eee See a ne eee He CLOUCEC: LLELE 


Item Colorado Utah Wyomin Total 
HH — OL OVAGO CU a Wyoming ~~ CrTotal 
uantity of land 
Total Federal lands, thousand acres 1,420 3,780 2,670 7,870 
Land with unpatented mining claims: 
Old claims, prior to 1966, thousand acres 400 2,600 2,200 5,200 
New claims, 1966, thousand acres 700 400 400 1,500 
Total with claims, thousand acres 1,100 3,000 2,600 6,700 
Percent of Federal land with claims 78 1/ 79 oy 85 


Quality of lands with unpatented claims 


Low grade or unappraised: 


Acres, thousand 500 1,700 1,400 3,600 

Percent distribution 14 47 39 100 
At least 15 ft of 15-25 gpt 2/ shale: 

Acres, thousand 200 800 700 1,700 

Percent distribution az 47 41 100 
At least 10 ft of over 25 gpt shale: 

Acres, thousand 500 500 400 1,400 

Percent distribution 36 36 28 100 


At least 15 ft of 15-25 gpt shale: 


Quantity shale oil in place, unpatented 
mining claims 


Shale oil, billion barrels 500 100 100 700 

Percent distribution Tp? 14 14 100 
At least 10 ft of over 25 gpt shale: 

Shale oil, billion barrels 320 50 20 390 

Percent distribution 82 3 ls: 5 100 
Total: 

Shale oil, billion barrels 820 150 120 1,090 

Percent distribution 15 14 if 100 


/ Ninety-five percent of lands in Piceance Creek Basin, Colorado, have unpatented 
thining claims. 

/ Gallons per ton. 

/ Data include some allocations from unappraised lands. 
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Appendix B 


Method Used in Calculating Present Worth of the 
Resource to the Owner. 


A. Method of calculation 

A conventional discounted cash flow format is used. Capital 
expenditures are shown in the years in which the outlays are made. 

It has been assumed for the purpose of these calculations that the 
resource was purchased one year before construction of the plant was 
started. Cash flow is defined as revenue minus operating expenses 
and income taxes. Cash flow can also be defined as net income plus 
depreciation and depletion. This calculation is shown in Table B-1. 

The more familiar calculation in which a return is figured each 
year on the outstanding capital investment, yields the same results as 
the discounted cash flow method. This calculation is shown in Table B-2. 

All monetary values in the calculations are in terms of 1967 constant 
dollars and a construction period of two years is allowed prior to initial 


operation of a plant. 


All plants are presumed to operate for 20 years. The oil shale 
mine is depreciated at 10 percent per year for income tax purposes. 
A mine is assumed to have a useful life of 10 years and, therefore, a 
second mine would be opened for the second ten years. The capital 


expenditure for this second mine is shown as being made in years 11 and 12. 
The retorts and refineries are depreciated over 16 years for income tax 


purposes (based on IRS regulations) but are assumed to have a useful life 


for the full 20 years of the operation. 


Table B-l - Discounted cash flow computations 
(at 12 and 20 percent discount rates) --first 
generation retort with room-and-pillar mine 


(Thousand of dollars) 


Present value of 
net cash flow 


Capital VY 
expenditures 


Cash fl 2 h 
P Garb5 feb ah Gets Discount Coefficients 


revenue 


(Colima 2) (Com. FZ) @ 12 percent @ 20 percent 


Year Item 


(Col. 


20 percent 


1 Mine and plant capital 18.741; ere == 0.893 0.833 -16,736 -15,611 
2 expenditure 99,277 were 797 -694 -79,124 -68, 898 
3 Working capital expenditure 14,710 19,455 ate 579 + 3,378 + 2,747 
a ee ee Oe OSL 19,455 . 636 482 Pabegp 9,377 
Se TS a ~ a ee 19,455 567 402 11,031 7,821 
ee ee 19,455 - 507 4 SYS) 9,864 6,517 
eee ee oe Sm LS. 19,455 452 279 8,794 5,428 
i ne ns a oe 19,455 -404 2235 7,860 4,533 
an! Se &£° og  “—. w& -— &----+- 19,455 7Ou -194 7,023 3,774 
ee le ee ee A Tot 19,455 Ze - 162 6,265 Sie! 
iM Second mine capital 2, 886 19,455 - 287 - 135 4,755 5233 
12 expenditure 15,289 19,455 AY as) 2 ys ib aie lt 467 
i ee: nr 19,455 wZ229 093 AiO 1,809 
oe ne se as & is «a------ 19,455 205 .078 3,988 1,517 
— sa -, = SS FS SC  Mewwnsie 19,455 pil tes 065 3,560 205 
a eT al ee er 19,455 LOS 054 Sip JETP 0a 
vo © &® ©. SE FF. GB qenvene 19,455 . 146 .045 2,840 875 
a eo 2 19,455 19,455 . 130 038 2,529 739 
ge a ee ee 18, 1003/ 18, 100 .116 .031 2,100 561 
Sf a ee 18,100 18,100 104 026 1,882 471 
Cry Sp er 18, 100 18, 100 .093 022 1,683 398 
ee er 18, 100 18, 100 .083 .018 1,502 326 
23 Recovery sor Workingscapital Eo = s-se- 14,710 14,710 -074 “015 1,088 221 
Total -150,903 +398, 390 +247 , 487 +5, 354 =29)\ 222 


Y Does not include lease bonus. 

2) Revenue minus operating costs and income taxes. 

3) Decrease of cash flow due to increase in tax liability at end of 16-year (of operation)depreciation period allowed (for tax purposes) 
on retort and refinery by Internal Revenue Service. 


Year 


OOnN ADU LP WNH FE 


Table B-2. 


Capital 


Expenditures 


—-<——-- = 
ee ee = 
<8 = = 
~-\_—-—- = = 
——— ee = 


- Present value (at 12 percent discount rate) of cash flow after repayment 


of investment at 12 percent return on outstanding balance 


--first generation retort with room-and-pillar mine 


Cash Flow 
@ $3.69/bbl. 
revenue 


(Thousands of dollars) 


Return on 
Investment 
@ 12 percent 


Available 
for repay- 
ment of 

Investment 


Investment 

Outstanding 
(beginning 
of year) 


Cash flow 
after invest- 
ment curtail- 


ment 


Present Value 
of net 
cash flow 
@ 12 percent 


In the nuclear in-situ case, the recovery plant and the initial 
chimneys created by the nuclear detonation are depreciated over 
twenty years. The cost of creating subsequent chimneys is treated 
as an operating cost. The refinery for this case, as in the others, is 
depreciated over 16 years and operated for 20 years. 

In the conventional mining and retorting cases, depletion for 
income tax purposes is figured at 15 percent of the value of the mined 
oil shale not to exceed 50 percent of income before depletion and taxes. 
In the nuclear in-situ case, for analysis purposes depletion has been 
calculated at 15 percent of the value of the product as it is recovered 
at the chimney. Here, too, the 50 percent limitation was applied. 

For purposes of the depletion computation, values must be 
developed for the intermediate products - mined rock, or crude oil 
in the case of the nuclear in-situ operation. In each case, this was 
done by determining the sum of the charges (depreciation + operating 
cost + income tax + return on capital) against the mining or the nuclear 
retorting as compared to the total operation, and dividing the revenue 
between the operations in this same proportion. Because income tax 
and the apportionment of revenue are mutually dependent, the values 
were calculated by a series of successive approximations. 

Resource value computations were made at two discount rates, 
12 percent and 20 percent. The 20 percent discounted cash flow (DCF) 


rate of return after taxes was selected since: (1) The technology to be 


used in the first plants has been extrapolated beyond existing data; 


(2) industry believes that the first investments in a new Prantce line 
require this amount of return, and (3) the first plants are expected to 
be obsolete in a very short period of time. The initial shale oil plant 
at each new stage of technology would require this rate. A 12 percent 
DCF rate has been taken as the return after taxes required on capital 
1/ 
in proven mining and manufacturing endeavors. ~ The second and 
subsequent plants in each technology would require the expectation of 
this rate of return. 
Computations were made at two or more price levels in order 
to plot curves showing the effect of price on net present values. 
The sequence of computations for each case was thus: 
1. Select a price level. 
2. Determine the portion of revenue attributable to 
the operations up to the point where percent 
depletion is calculated. 
3. Calculate depletion allowance and Federal income tax. 
4. Set out the time sequence of capital expenditures and 
cash flow over the period of construction and 20 years 
of operation. 
5. Discount these cash flows at 12 percent. Add to 


obtain present value. Repeat for 20 percent. 


Ld The Financial Feasibility of Capital Expenditures for Oil Shale 


Development 1915-1920 and 1966, Solomon, Ezra, Special Study 
for the Department of the Interior, 1967, Stanford University, 
73 pages. 


6. Select new price level and repeat from Item 2. 

No credit has been taken for salvage values in these calculations 
nor has any cost been included for research and development. 

Table B-1 shows the cash flow values for the first generation 
retort with room-and-pillar mining. Figures B-1 to B-5 show the 
curves plotted from similar calculations in each of the five cases. 

The price at which these curves cross the zero present value 
line is the price necessary to yield the required rate of return. If 
output of the plant can be sold for more than this ''minimum-necessary" 
price, the additional revenue would be available to pay for the resource. 
If it is paid as the oil is produced, itis a royalty payment. If itis 
paid as a lump sum, it is a bonus payment. When a bonus payment is 
made, the same rate of return will be expected on this outlay as on 
‘the capital outlay for plant facilities. This bonus outlay will be expected 
to generate income, and income taxes will have to be paid on this income. 
The equivalency between bonus and royalty is as follows: 


Bonus = Present value of (royalty value - income 
tax liability generated by royalty). 


Table B-3 shows, for each of the technologies being evaluated, 
what the bonus or resource value is if the plant product can be sold 
for 1 cent per barrel more than the revenue needed to yield the 12-percent 
and 20-percent returns. Having these ''one-cent'' royalty values, itis 


a simple matter to convert to any assumed selling price or royalty. 
In Table B-4, a selling price in Colorado for shale oil of $3.08 


is used. To this shale oil price must be added the by-product value to 


B-6 


PRESENT VALUE, dollars per ton of oil shale 


3.50 


FIG. B-/ 
PRESENT VALUE OF NET CASH FLOW VS 
PRICE OF SHALE OIL AND BYPRODUCTS 


FIRST GENERATION RETORT 
FROOM- AND-PILLAR MINE 


Price required to yield 
given rate of return at 
zero resource value 


oso.) ato 3.90 410 4.30 4.50 4.70 4.90 
PRICE, dollars per barrel 
(includes 61 cents for by-products) 


5.10 


5.30 


PRESENT VALUE, dollars per ton of oil shale 


FIG. B-2 
PRESENT VALUE OF NET CASH FLOW VS 
PRICE OF SHALE OlL AND BYPRODUCTS 


IMPROVED FIFST GENERATION RETORT 
IMPROVED ROOM-AND-PILLAR MINE 


. 2.30 2.50 2.70 2.90 3.10 3.30 3.50 3.70 3.90 4.10 4.30 


PRICE, dollars per barrel 
(includes 6lcents for by-products) 


=a 


PRESENT VALUE, dollars per ton of oil shale 


FIG. B-3 
PRESENT VALUE OF NET CASH FLOW VS 
PRICE OF SHALE OIL AND BYPRODUCTS 


IMPROVED FIRST GENERATION RE TORT 
IMPROVED OPEN FIT MINE 


2.20 2.40 2.60 2.80 3.00 Nae. 3.40 3.60 3.80 4.00 4.20 


PRICE, dollars per barrel 
(includes 61 cents for by-products) 


FIG. B-4 


PRESENT VALUE OF NET CASH FLOW VS 
PRICE OF SHALE OIL AND BYPRODUCTS 


NUCLEAR INS/TU 
70% RECOVERY, 50 PS./. 


PRESENT VALUE, dollars per ton of oil shale 


“250 +270 290 30 330. 3.50 370. 390 410 430 #450 


PRICE, dollars per barrel 
(includes 60 cents for by-products) 


b ® 


PRESENT VALUE, dollars per ton of oil shale 


FIG. B-5 
PRESENT VALUE OF NET CASH FLOW VS 
PRICE OF SHALE OIL AND BYPRODUCTS 


SECOND GENERATION RETORT 
CUT- AND-FILL MINE 


~ 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 


PRICE, dollars per barrel 
(includes 97 cents for by-products) 


Table B-3. - Present value of $0.01-per-barrel royalty form 20 years 


Improved Improved 
Pirate first Fire. Nuclear Second 
generation generation generation Insitu, generation 
retort retort, retort, 50 psi, retort cut- 
room-and- improved improved 70 percent and-fill 
pillar mine room-and- openpit recovery mine 2/ 


pillar mine Y mine Y 


A. At 12 percent discount rate 


1. Total for plant, thousand dollars 447 the de £95 447 837 
2. Total for 35,000 B/CD plant, thousand dollars 447 447 447 447 447 
3. Per ton recoverable shale, dollars -00102 -00102 .00102 - 00064 -00107 
4, Per barrel recoverable shale oil, dollars ~00175 ~00175 ~00175 <00175 ~00175 
DB, At 20 percent discount rate 

1. Total for plant, thousand dollars 236 420 420 236 442 
2. Total for 35,000 B/CD plant, thousands of 

dollars 236 236 236 236 236 
3. Per ton recoverable shale, dollars .00054 -00054 -00054 -00034 -00057 
4, Per barrel recoverable shale oil, dollars 00092 00092 .00092 .00092 00092 


Y Plant size 62,265 barrels per day. 
2/ Plant size 65,540. 


& , © , 
4 


Table B-4. - Summary value statistics 
First Improved first Improved 
generation generation first genera- 
retort room- retort, impr. tion retort; 
and-pillar room-and- improved open 
mine pillar mine mine 
A. Size of plant: 
Semirefined oil, barrels-per-day 35,020 62,265 62.203 
Shale for 20 years, million tons 440 780 780 
B. Market value of product, dollars: 
Semirefined oil, per barrel $3.08 $3.08 $3.08 
Byproducts, per barrel aan - 61 - 61 
Total, per barrel 409 3269 3369 
C. At 12-percent discount rate, dollars; 
Cost of shale oil and byproduct at zero 
resource value, per barrel oiyey) 26h3 2.61 
Royalty value of shale oil and byproduct, 
per barrel 0.10 0.96 1.08 
Present value of 20-year, supply of resource; 
a3 Total for plant, thousands 4,470 #65320 85, 860 
ote Total for 35,020 - barrel-per-day plant, 
thousands 4,470 42,912 48,276 
Per ton recoverable shale -0102 0979 ok O02 
Per barrel recoverable shale oil -OLsS . 1680 . 1890 
D. At 20-percent discount rate, dollars; 
Cost of shale oil and byproduct at zero 
resource value, per barrel 4.95 3.86 Spel 
Royalty value of shale oil and byproduct, 
per barrel -1.26 -0.17 -.03 
Present value of 20-year supply of resource; 
Total for plant, thousands -29,736 -7,140 -1,260 
Total for 35,020 - barrel-per-day plant, 
thousands -29,736 -4,012 -708 
Per ton receoverable shale - .0680 -.0092 -.0016 
Per barrel recoverable shale oil aL Loo -.0156 -.0028 
E. Discount rate at which resource has zero 
value when products have 1967 market 
value, percent 13 19 20 
F. Increase in cost per barrel for l-percent 
increase in discount rate, dollars 0.16 0.15 ap Be: 


Nuclear Second 
in situ, 50 generation 
ps2, /0 retort 
percent cut-and- 
recovery fill mine 
35,020 65,540 
700 780 
$3.08 $3.08 
. 60 297 
3.60 4.05 
2.98 fe Jo 
0.70 1.50 
Sr, 290 125,550 
ol, 290 67,050 
0447 - 1605 
01224 e023 
4.29 aw 15 
-0.61 0.30 
-14, 396 13, 260 
-14,396 7,080 
-.0207 0171 
-.0561 ~0276 
16 22 
0.16 0.15 


obtain total market value of product. The royalty value is obtained 

by subtracting from this the product price that gives zero resource 
value. This royalty value is different in each of the technologies being 
considered. By multiplying these royalty values by the ''one-cent'"' 
values from Table B-3 the present values of the resource are obtained 
for each case. The present values are shown in terms of: 

1. The total value of the resource that is necessary to 
support a plant of the reported size for 20 years; 

2. The total value of the resource that is necessary to support 
a 35,000 barrel per day plant of semirefined oil for 20 years (to permit 
comparison between similar sized plants); 

3. The present value of the resource per ton of recoverable 
oil shale; 

4, The present value of the resource per barrel of recoverable 
oil. 

In addition, Table B-4 shows the discount rate, or the DCF rate 
of return obtained when products are sold at the 1967 market price and 
the resource is assigned a zero value. How much a l-percent change 
in rate of return affects the cost per barrel is also shown. 

In Figures B-1 to B-5, the vertical axis is "present value of 


net cash flow''. These figures which are obtained from the cash flow 


calculation are not the same as "'resource value. '! Net cash flow is 
money available after payment of operating expenses and income taxes. 
The ''present value of net cash flow'' figures on these charts resulted 
from the assumption of zero resource value and thus include higher 
income tax payments than would accrue if a bonus were paid for the 


resource. 


B. Result of cash flow calculations - excluding social 

benefits and costs 

1... 1972 technology. 

The calculations show that an experimental plant requiring 
20 percent DCF rate of return would need to sell its semi-refined 
shale oil at $4.34 per barrel, after byproduct credit ($4.95 - 0.61 = 
$4.34) (resources free). With a value of semi-refined shale bn of 
$3.08 per barrel, the price competitive with natural crude oil, a 
35,000 B/CD semi-refined shale oil plant would need a $30 million 
subsidy (resources free). The subsidy is equivalent to 6.8 cents per 
ton of recoverable shale. 

If the experimental plant proved the technology, subsequent 
plants might expect only a 12-percent DCF rate of return. With this 
return a plant would be able to sell shale oil at $2.98 per barrel 
(resources free). If it could sell semi-refined shale oil at $3.08 per 
barrel, it could afford to pay $4.5 million for a 20-year supply of oil 
shale. This value is equivalent to 1.0 cent per ton of recoverable oil 
shale and is calculated as of 1970, at the assumed start of construction 
of a plant to be operable in 1972. If the operator bid on this resource 
in 1968, its value would be $3.6 million which is the 1970 value discounted 


at 12 percent per year to 1968. 


2. 1976 technology. 

Three of the 1976 technologies were evaluated in order to 
select the one to be incorporated in this study. Nuclear in-situ at 
50 psi air pressure and 70 percent recovery of the shale oil would 
produce semi-refined shale oil at $2. 38 per barrel using a 12-percent 
DCF (resources free). This appears to be less economic than either 
of the other two 1976 technologies. The improved first-generation 
retort with improved open pit mining would produce a semi-refined 
shale oil at $2.12 per barrel. Both of these prices are on the basis 
of 12 percent DCF and resources free. 

In view of the additional overburden haulage costs that would 
be encountered in open pit mining, which are not included in the cost 
estimates, and the social costs that open pit mining causes, improved 
room-and-pillar mining with the improved first generation retort was 
used as the preferred 1976 technology. 

An experimental plant using improved room-and-pillar mining 
and the improved first-generation retort would need to sell semi-refined 
shale oil at $3.25 per barrel to make 20 percent DCF (resources free). 
If the semi-refined shale oil could be sold at $3.08 per barrel, the 
shale resource to support a 52,000 B/CD plant for 20 years would have 
a negative value in 1974 (operation in 1976) of $4.0 million or--0.9 cent 


per ton of recoverable shale. This implies that a subsidy would be 


required if a 20 percent DCF were expected. 


Once the technology is proven, an improved first-generation 
plant with improved room-and-pillar mining would require a 12 percent 
DCF and have a semi-refined shale oil cost of $2.12 per barrel 
(resources free). If semi-refined shale oil could be sold at $3.08 
per barrel, the resource to support a 52,000 B/CD plant of semi-refined 
shale oil for 20 years would have a value in 1974 of $76.3 million or 
9.8 cents per ton of recoverable shale. The value of the resource in 
1968, with operation in 1976, would be $38.7 millinn. 

3. 1980 technology. 

By 1980, it is assumed that a second generation retort with a 
cut-and-fill mine could be in operation. The first experimental plant, 
in order to make a 20 percent DCF, would have a semi-refined shale 
oil cost of $2.78 per barrel (resources free). If it could sell semi- 
refined shale oil at $3.08 the resource to support a 65,000 B/CD plant 
of semi-refined shale oil for 20 years would have a value of $13.3 million 
or 1.7 cents per ton of recoverable shale. 

Subsequent plants of this type making 12 percent DCF would 
have a semi-refined shale oil cost of $1.58 (resources free). If semi- 
refined shale oil were sold at $3.08 the resource to supply the 65, 000 
B/CD plant of semi-refined shale oil for 20 years would have a value 
in 1978 of $125.6 million (plant operation in 1980). The value of the 


resource in 1968 for a 1980 operation would be $40.4 million. 


These three phases of technology can be summarized in terms 
of the cost of producing shale oil, i.e., the selling price required for 
shale oil to yield zero present value at the specified DCF rate of 


return when there is no charge for the resource, 


Selling price of shale oil 


Dollars per barrel 


1972 1976 1980 

Experimental plant 4,34 peas Past Bs 
(20 percent DCF) 

fa ons) 2s e538 


Production plant 
(12 percent DCF) 


or alternatively in terms of the value of the resource to support a 
35,000 B/CD plant of semi-refined shale oil for 20 years if it were 
expected to sell at a $3.08 per barrel and to yield 12 percent DCI. 


Present value of resource at start of construction — 
(million dollars) 


17.) 1974 1978 
Production plant 4.5 Cae) ef 


G. Timing of lease sales 


Table B-5 shows the present value of the oil shale resource to 
support a plant at the time construction would begin and also as of 1968. 


If a bidder obtains a lease in 1968 for use at some later date, he foregoes 


ay 35,000 barrels-per-day of semi-refined shale oil. 


td 


' 
ie) 
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Table B-5--Benefit to Government of holding resource until technology is available 


First-generation Improved first- Improved first- Nuclear in situ, Second- 
Year retort room- generation retort, generation retort, 50 psi, 70-per- generation 
and-pillar mine improved room-and- improved openpit cent recovery retort, cut- 
pillar mine mine and=fill mine 


Size of Plant B/CD 


35,000 62,000 62,000 35,000 65,500 


Present value of 20-year supply of recoverable 


resource, thousands of dollars 


1978 
1974 
1970 


125,550 


1968 
(12 percent DCF) 


Present value of 20-year supply of recoverable 
resource, thousands of dollars 


1978 
1974 
1970 


1968 
(12 percent DCF 


the opportunity to earn a return on those funds for the intervening 
years and would discount his offer by 12 percent per year for that 
period. 

Unless the Federal Government utilizes the money obtained 
from early lease sales for programs that have a better than 12 percent 
internal rate of return, it would be to the advantage of the Government 


to hold shale lands until the lessee was ready to begin construction. 
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